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INTRODUCTION 
Due to differential learning patterns, one method of instruction 
does not necessarily bring success to all students. In order to optimize 
learning, instruction needs to be adapted to each individual's patterns 
of abilities. To date, most research studies on instruction have manip­
ulated several treatments and compared average group differences in 
achievement scores. Treatments or instructional programs producing the 
highest average gain are then implemented by the schools. Since new pro­
grams (for example, foreign language laboratories) do not report success 
for all students, the search for the one "best" method or instructional 
treatment continues (Salamon, 1972). 
What has been overlooked in these studies is the influence of the 
unique set of aptitudes brought to the learning situation by the indi­
vidual student and the interaction of these aptitudes with the instruc­
tional treatments. According to the theory of Aptitude-Treatment Inter­
action (ATI), "for every person there is a best treatment, and for every 
treatment a best type of person" (Cronbach & Gleser, 1965, p. 143). 
In other words, treatments should be selected on the basis of their 
ability to produce maximum success for specific types of individuals. 
To achieve this goal, Glaser (1972, p. 8) stated that "what is re­
quired is a measure of aptitude that predicts who will learn better 
from one curriculum or method of learning than from another." Scholastic 
aptitude tests are not entirely satisfactory for this purpose since they 
"account for only 35 to 45 percent of the variation in school performance" 
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(Glaser, 1972, p. 7). In searching for measures of aptitude which will 
have higher predictive value, traditional concepts of aptitude will 
change (Glaser, 1972) and so must the existing aptitude measures (Cron-
bach, 1957). At present, "our generally used aptitude constructs are 
not productive dimensions for measuring those individual differences that 
interact with different ways of learning" (Glaser, 1972). 
With respect to ATI, the term, "aptitude", includes all character­
istics of individuals, rather than being limited to the common singular 
concept of aptitude. Aptitude then is "a complex of personal character­
istics that accounts for an individual's end state after a particular 
educational treatment, i.e., that determines what he learns, how much he 
learns, or how rapidly he learns" (Cronbach, 1967, p. 23). Cronbach 
also hypothesized that aptitude "may have as much to do with styles of 
thought and personality variables as with the abilities covered in con­
ventional tests" (Cronbach, 1967, p. 24). 
The topic of concern in this study is mathematical aptitude. As 
viewed by Cronbach (1967, p. 27) "we haven't the faintest evidence, for 
example, what constitutes mathematical aptitude, save for the obvious 
fact that a person who has mastered one mathematical fact or process has 
an advantage in learning the next process in a hierarchy." The primary 
purpose of this research study is to define, more precisely, the factors 
of mathematical aptitude. However, since aptitude information becomes 
more useful when we know how it interacts with the given treatments 
(Cronbach, 1967), the secondary purpose is to study the interactions of 
the variables comprising mathematical aptitude with two treatments, 
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algebra and geometry. The term, "algebra", refers to the first year 
course in algebra, which generally includes the use of the quadratic 
formula in factoring; "geometry" refers to the full year course in plane 
Euclidean geometry. 
According to Bracht (1970, p. 639), "to be differentially effective 
for various types of students, the alternative treatments should demand 
different abilities for successful performance." The function and major 
differences of these instructional treatments have been described by 
Salamon (1972, p. 340) in his preferential model for aptitude-treatment 
interactions. Treatment in his model "call upon and utilize learner's 
higher aptitudes, neither making up for deficiencies nor compensating 
for them. Differences may be in content, structure, modality of presen­
tation, etc." Success can be predicted from this model "when an aptitude 
in which he [^a student J is proficient is called upon" (Salamon, 1972, 
p. 340). For example, if having good spatial perception enhances learn­
ing in geometry, a student's success in geometry could be predicted from 
his spatial perception ability scores. If the student were found to be 
deficient in this ability, alternative treatments, which are either 
compensatory or remedial, could be given to the student in order to max­
imize his learning and success. 
The problem in this study is to identify the principal variables 
which are, theoretically and/or empirically, related to mathematical ap­
titude and which interact with the two treatments, algebra and geometry. 
These two courses are two distinct branches of study in mathematics. The 
independence of these courses is exemplified by the student's mathematics 
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curriculum. A student may select either course as the point of entry 
into higher mathematics and it is possible to omit one of these courses 
and not experience failure in subsequent courses. It appears that alge­
bra and geometry require different abilities for successful performance 
within each of the two courses. 
The variables to be considered in this study are: problem solving 
ability, subject matter interests (mathematics, reading, algebra, geom­
etry); differential abilities (verbal reasoning, numerical ability, 
abstract reasoning, space relations); personality factors (planning and 
organizing, intellectually oriented, persistence, self-confidence, con­
formity, having cultural interests, seeking new experiences, liking to 
be alone, being a perfectionist); general aptitude test scores (verbal, 
mathematical); musical experience (vocal, instrumental); IQ; sex; socio­
economic status (parents' educational and occupational levels); and suc­
cess in mathematics (grade point average in algebra and geometry, class 
rank, teacher ratings, standardized test scores). 
It is hypothesized that some of these variables will be more criti­
cal for success in mathematics than others. In addition, it is hypothe­
sized that certain variables will be more characteristic of successful 
geometry students, while other variables will better describe successful 
algebra students, i.e., there will be an aptitude-treatment interaction. 
The following operational definitions will be used in this study; 
1) math grade point average (MGPA) is the average of all semester grades 
in algebra and geometry; 2) "star" students are those students who have 
demonstrated high mathematical ability (MGPA: 3.00 to 4.00) and who are 
5 
rated high in math aptitude (5.5 to 7.0) by their former math teachers; 
3) "nonstar" students are those students who have shown low in ability 
in math (MGPA: 0.00 to 1.75) and who are rated low in math aptitude 
(1.0 to 3.5) by their former math teachers; 4) "algebraic stars" are 
those students whose algebra GPA was greater than their geometry GPA; 
and 5) "geometric stars" are those students whose geometry GPA was 
greater than their algebra GPA. 
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REVIEW OF LITERATURE 
Theoretical Background 
The concept of individual differences has appeared in the litera­
ture from the time of Plato to the present (Anastasi, 1958). However, 
it was not until the development of intelligence tests in the early 
1900*s that differences in students' mental abilities could be measured. 
Still, the inability of educators to properly place students in curricula 
where each could experience success was evidenced by the failure of many 
students. Overemphasis on this golden ratio, IQ, signaled the need for 
other measures of mental ability which could aid the student to select 
courses where he could attain success. "The research and theories of 
Thorndike, Kelley, Spearman, Thomson, Thurstone, and others have made us 
increasingly aware that so-called intelligence is not a unitary trait— 
it is composed of many abilities, which are present in different indi­
viduals in varying amounts" (Bennett, Seashore, & Wesman, 1952, p. 1). 
Application of the data from differential aptitude tests to the 
educational process has assisted educators in predicting success (or 
failure) for each individual. "The aim of prediction studies is to 
estimate, in advance of participation, the level of an individual's per­
formance in a given activity" (Horst, 1941, p. 12). To predict success­
ful performance requires the determination of the personal and situa­
tional factors related to success in the specific activity. The pre­
diction process, as described by Horst (1941), contains the following 
steps: 1) detennination of the criterion for success in an activity; 
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2) isolation and analysis of those personal or situational factors asso­
ciated with individual differences prior to the activity; and 3) pre­
diction for success or failure based on the preceding analysis. 
Counseling eighth grade students on their decisions to take Algebra 
I can be used as an example of this process. The criterion for success 
in Algebra might be defined as obtaining a grade of "C" or higher. 
Counselors may then make the observation that very few students have suc­
ceeded in Algebra I if they had a low IQ and/or received low grades in 
Math 8. Students could then be advised to take General Math 9, rather 
than Algebra I, if their Math 8 grades and/or IQ scores fell below a 
critical level. 
This system is not very adaptable to the student as different 
methods of learning for students of varying background and abilities are 
limited. With this "selective" mode, "the fixed or limited paths avail­
able require particular student abilities, and these particular abilities 
are emphasized and fostered to the exclusion of other abilities" (Glaser, 
1972, p. 2). 
"In contrast to a selective mode, an 'adaptive' mode of education 
assumes that the educational environment can provide for a wide range 
and variety of instructional methods and opportunities for success. 
Alternative means of learning are adaptive to and are in some way matched 
to knowledge about each individual—his background, talents, interests, 
and the nature of his past performance" (Glaser, 1972, p. 2). Thus, in 
order to adapt instruction to an individual, it is necessary to know the 
individual's special aptitudes and the type of treatment or situational 
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factors which will maximize the chances of his success. This process of 
adjusting the instruction to fit the unique characteristics of each stu­
dent is the essence of Aptitude-Treatment Interaction (ATI) theory 
(Cronbach, 1957). 
To identify those treatments which tend to increase student success 
for specific aptitudes, a process analysis should be conducted (Cronbach 
6e Snow, 1969). This analysis involves the following steps: 1) obser­
vation of the learner performing the task; 2) identification of processes 
(treatment A) used; 3) estimation of the abilities required (ability A)^ 
to perform the task; and 4) development of alternative treatments (B), 
which require different processes to be used to attain the same goals. 
The ability (B) to perform the second set of processes (treatment B) 
should be unrelated, or only moderately related, to the ability A needed 
to perform treatment A. The interaction between aptitudes and treatments 
is then tested. This interaction is said to be disordinal if the dif­
ferences between alternative treatments at two levels of a personological 
variable are both significantly nonzero and different in 'algebra sign' 
(Bracht, 1969). 
ATI Studies 
Thus far, very few studies designed to test ATI theory have been 
successful in finding significant disordinal interactions (Aiken, 1971; 
Bracht, 1970). 
Ï 
The term, ability, may be considered plural and to cover a variety 
of personality characteristics, aptitudes, interests, etc. 
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Bracht (1969) surveyed 90 studies in an attempt to define the 
reasons for the paucity of disordinal interactions. Each study was 
classified according to the type of controls used in the experiment, 
degree of complexity of the personological variables, and the specificity 
of the dependent variables. Only five studies showed the required inter­
actions. Bracht*s criticism of the 85 studies having no disordinal 
interations centered on their approach to the selection of the person­
ological variables. He believes that most investigators have tried to 
find ATIs by trial and error method. In order to obtain disordinal 
interactions, he suggests using process analysis and two or more person­
ological variables. The intercorrelation of these variables should be 
low, with one variable correlating highly with the first treatment and 
the other variable correlating highly with the second treatment. He 
suggests that "the real test for the concept of ATI will come as more 
experimenters use process analysis for developiug alternative treat­
ments" (1970, p. 640). 
One relevant study having disordinal interactions was conducted by 
Bracht (1969). Sixth grade students were divided into groups and were 
taught addition of integers by means of self-instructional materials; 
one set of materials emphasized spatial ability and the other verbal 
ability. Although the results were not consistent, there was some evi­
dence that the verbal treatment was superior for students with low 
spatial ability and the spatial treatment was superior for students with 
low verbal ability. 
Other studies involving learning of mathematics which have attempted 
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to find disordinal interactions are described below. 
In a study by Becker (1970), 70 Algebra I students were taught the 
summing of a number series by two different methods. Students were 
matched according to verbal and math ability test scores and were ran­
domly assigned to treatments. Using programmed materials, half of the 
sample were presented the correct formula for an associated number series 
and a verbal explanation; the other half were taught the process of 
developing the formula by working the series using small steps. Becker 
found no significant interactions between aptitudes and treatments. 
Carey (1958) studied 191 geometry students looking for possible 
interactions of two types of programmed materials with general reason­
ing (Necessary Arithmetic Operations) and visualization (Paper Form 
Board) abilities. Quadratic inequalities were presented by a graphical 
method and by an analytical method (i.e., properties of signed numbers). 
The instruction lasted for two class periods. It was found that both 
treatments were equally effective for learning as evidenced by students' 
total scores on a transfer of training test, A few of the test items 
seemed to indicate possible treatment interactions; however, the experi­
mental tests were not pretested, thus making the results questionable 
since the achievement test was found to have low reliability. 
Davis (1966) investigated the learning of programmed materials on 
derivatives of algebraic expressions and vector multiplication by 
semantic and symbolic approaches. High school tenth graders were in­
cluded with a group of undergraduate students. This study showed inter­
actions between ability and content format. Maximum achievement occurred 
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when the content format was similar to the pattern of abilities, as 
measured by Guilford's structure-of-the-intellect battery. Both the 
semantic and symbolic factor tests significantly predicted achievement 
on the symbolic learning materials posttest. Davis concluded that 
materials which matched a student's aptitudes produced better learning. 
Variables Related to Math Achievement 
Many studies have been concerned with the prediction of success in 
mathematics (see Table 1). Math achievement has usually been defined by 
course grades and/or standardized achievement test scores. A brief 
description of some of these studies is presented in the following sec­
tion. 
Intelligence and differential abilities 
To be successful in mathematics Wrigley (1958) stated that the first 
requirement was high general intelligence. Muscio (1962) has added high 
verbal ability to this requirement. 
Suydam's (1970) survey of research on secondary school mathematics 
showed 31 studies of achievement in mathematics as related to general 
intelligence. She found that the correlation between IQ and arithmetic 
test scores varied from 0.30 to 0.67 across studies. This inconsistency 
in the magnitude of the correlation coefficient is due to variations in 
instruments, samples, and procedures. Correlations above 0.70 have 
been observed between intelligence test socres and math grade placement. 
In other studies. Hummer (1936) found a correlation of 0.58 between 
geometry test scores and IQ; arithmetic achievement test scores have 
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Table 1. Summary of studies with variables related to math achievement 
Variables in study Sample size Grade level Author(s) (year) 
Intelligence and 
Differential 
Abilities 
CTMM (IQ) and Coopera­
tive Elementary 
Algebra Test 
Otis Group Intelligence 
Scale, Columbia Research 
Bureau Plane Geometry Test 
Kuhlmann-Anderson Battery, 
California Achievement 
Battery 
635 
153 
293 
Rosilda (1951) 
10 Hummer (1936) 
8-12 Jacobs (1957) 
Algebra grades, DAT 517 9-12 Cain (1966) 
Personality 
Sixteen Personality Factor 75 
Questionnaire, Math grade 
point average 
Culture Fair Intelligence 311 
Test, High School Personality 
Questionnaire, ETS Standard­
ized Achievement Tests 
CTMM, Stress Questionnaire, 132 
Cowan & Handler's Test 
Anxiety Scale 
High School Personality --
Questionnaire, math 
achievement measures 
Taylor Manifest Anxiety 44 
Scale, Button's Scale of 
Attitudes toward Arith­
metic, student ranking of 
school subjects 
10 Ayers, Bashaw, 
& Wash (1969) 
6,7 Barton, Dielman, 
& Cattell (1972) 
8,9 Callister (1965) 
6,7 Cattell, Butcher 
(1968) 
8 Degnan (1967) 
13 
Table 1 (Continued) 
Variables in study Sample size Grade level Author(s) (year) 
Woody-McCall Test in 
Mixed Fundamentals and 
Questionnaire, IQ 
Math Attitude Scale, 
Semantic Differential 
on Math Attitudes 
IQ, student attitudes 
toward arithmetic, grades, 
teacher attitudes toward 
arithmetic 
IQ, grades, socioeconomic 
status. Self Concept of 
Ability Scale, Occupational 
Aspiration Scale 
ETS Personality Research 
Inventory, ETS SAT-Math 
Rorschach, Children's 
Apperception Test, Thematic 
Apperception Test, Draw a 
Person Test, Sentence 
Completion Test, Primary 
Mental Abilities Tests, 
Stanford-Binet, Wechsler-
Bellevue, teacher-made 
achievement tests 
Grade point averages, per­
sonality measures 
Test Anxiety Questionnaire, 
Otis Quick-Scoring Mental 
Ability Test, Introduction 
to Vector Geometry Test 
640 
68 
306 Ss, 
59 Ts 
201 
males 
1987 
45 
(gifted) 
434 
6 
classes 
Mallory (1939) 
18 McCallon, Brown 
(1971) 
7 Ss 
in-ser­
vice, Ts 
12 
9-11 
10 
Phillips (1969) 
Schneider (1969) 
French (1962) 
Haggard (1957) 
Kochnower (1961) 
Morgan (1965) 
Interest in Mathematics 
Mathematics Questionnaire 531 8,13,17 Aiken (1972a) 
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Table 1 (Continued) 
Variables in study Sample size Grade level Author(s) (year) 
MAS (Math Attitude Scale), 
DAT Verbal, DAT Numerical 
Ability 
ITBS-Arithmetic, ITED-
Quantitative Thinking, 
Questionnaire of math 
attitudes, math grade 
point average 
IQ, CPA, ITED, Mathematics 
Attitude Inventory, teacher 
ratings on student attitudes 
Sex, math interest 
and grades, math electives 
Pittsburgh Temperment 
Inventory, Cooperative tests, 
Otis IQ test, programmed unit 
tests, student attitude measure 
127 
607 
755 
4 
schools 
616 
13 Aiken, Dreger 
(1961) 
11,12 Anttonen (1967) 
7-12 Ellingson (1962) 
10,11 Farley (1969) 
7,9 Ferderbar (1965) 
Math tests, interest inventory 425 
schools 
Husen (1967) 
Age, race, socioeconomic 2234 
status, interest inventory 
MAS, Brown's CAI Attitude 243 
Questionnaire, Thomas' CAI 
Attitude Questionnaire, 
math achievement test 
4-8 Kauffman (1955) 
13-16 Kochler (1972) 
Reading Ability 
Otis Gamma, Cooperative 
Reading Test, DAT 
IQ, algebra prognosis test, 
reading comprehension test 
44 
(not 
reported) 
11 Call, Wiggin 
(1966) 
9 Clark (1939) 
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Table 1 (Continued) 
Variables in study Sample size Grade level Author(s) (year) 
IQ, Traxler Silent Reading 
Test, Traxler Arithmetic 
Test 
132 Curry (1955) 
Pressy et al. arithmetic 500 
and algebra vocabulary 
tests, geometry test, 
investigator's math test 
Otis Test of Mental Ability, 319 
Gates Reading Survey, Stan­
ford Achievement Test, math 
vocabulary test, test on 
graphs and equations 
Otis Self-Administering 42 
Tests of Mental Ability, 
Stanford Achievement Test 
7-9 
1-8 
Dresher (1934) 
Eagle (1948) 
Finck (1935) 
Orleans Geometry Prognosis 
Test, Metropolitan Achieve­
ment Test-Adv. Reading Form, 
ITED-Quantitative Thinking, 
NY Regent's Examination on 
Tenth Year Mathematics 
158 9,10 Posamentier 
(1966) 
Problem Solving 
Luchins' water jar problems, 48 6 Ackerman, Levin 
jigsaw puzzles (1958) 
Stanford Arithmetic Reason- 564 7-9 Bowman (1932) 
ing and Reading tests, Otis 
Self-Adm. Test of MA, investi­
gator's 5-item problem 
situations test 
Word problems, aptitude, achieve- 56 
ment tests, and attitude scales 
8 Kilpatrick 
(1967) 
16 
Table 1 (Continued) 
Variables in study Sample size Grade level Author(s) (year) 
ITBS, Lorge-Thorndike 1107 4,8 Martin (1963) 
Intelligence Test 
IQ, grades, verbal ability, 211 7 Werdelin (1966) 
math test 
Music 
Drake Music Aptitude 256 high Jenkins (1961) 
Test, DAT Numerical school 
Ability Test, CTMM, 
Stanford Scientific 
Aptitude 
Socioeconomic Status 
Survey of several studies — — Anastasi (1958, 
1966) 
SCAT, National Merit 76 12 Johnson (1966) 
Scholarship Qualifying Test, (gifted) 
grades, AVLSV, teacher 
ratings on student per­
sonality 
Sex 
SRA Arithmetic Reasoning 623 
Test, IQ (320 male) 
Terman Group Test of Mental 191 
Ability, Otis Self-Adm. 
Test of math grades 
Webb Geometry Test, 873 
Terman Group Test of MA (436 male) 
Alexander (1962) 
Burgert (1935) 
10 Foran, O'Hara 
(1935) 
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Table 1 (Continued) 
Variables in study Sample size Grade level Author(s) (year) 
Pre-Instruction achieve- 107 9 Sheehan (1968) 
ment test, Dinkel's Survey (57 male) 
of Algebraic Aptitude Test, 
IQ, SRA-Reading Test 
Iowa Every-Pupil Test 2450 3-8 Stroud, Lind-
quist (1942) 
been found to correlate higher with IQ than did reading achievement 
scores (Jacobs, 1957); and Rosilda (1951) obtained a correlation of 0.42 
between IQ and algebra test scores. In general, it can be said that 
achievement in mathematics is positively correlated with intelligence. 
Achievement in math may be due to differential abilities. Cain 
(1966) found the relationship of Algebra I grades to the Numerical test 
score of the DAT to be significantly higher than the relationship with 
Verbal test score. 
Personality 
"Since only about 50% of the score variance on measures of mathe­
matical achievement can be accounted for by tests of general and special 
abilities it seems reasonable to expect that scores on personality tests 
and inventories would improve the predictability of mathematics achieve­
ment" (Aiken, 1973, p. 20). 
Several personality factors have been found to be important in 
18 
predicting mathematics achievement. For example, adventurousness, as 
measured by the High School Personality Questionnaire, was significantly 
related to math achievement for sixth and seventh graders (Cattell & 
Butcher, 1968). They also found that the emotional stability of the 
seventh graders correlated highly with reading achievement as well as 
achievement in mathematics. 
In another study (Barton, Dielman & Cattell, 1972), IQ, as 
measured by the Culture Fair Intelligence Test, accounted for 20-30% of 
the variation in math achievement scores. When personality measures 
were included in the analysis, the amount of explained variation doubled. 
Anxiety, as a dimension of personality, has been measured in 
several studies. Degnan (1967) found underachievers to have less posi­
tive interest in math and lower anxiety level than achievers. Girls who 
felt anxious tended to do well c math tests (French, 1962). Callister 
(1965) compared programmée" ? .j traditional Algebra and Geometry courses 
and found anxiety to be unrelated to the method of instruction. Morgan 
(1965) compared programed instruction to teacher-taught classes and 
Algebra-Trig students' anxiety levels were examined after being sub­
jected to either a "relaxed" or "high anxiety producing" environment 
(Zamboni, 1968); no significant differences were found in either study 
between anxiety and method of instruction. 
Kochnower, as cited by Suydam (1972), found students with math 
averages greater than their overall grade averages were found to be 
more emotional and to be characterized as nonconformists. 
In a study of 75 tenth grade students, Ayers, Bashaw, and Wash 
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(1969) found personality traits to correlate very low with math achieve­
ment. The better math students tended to be more withdrawn, conscien­
tious, emotional, immature, and lacking in frustration tolerance. 
Haggard (1957) found 7-year old gifted, high math achievers to be 
able to express their thoughts freely, to have feelings of being capable, 
to be more curious, and to have independence of thought. 
The research results in this area have been summarized by Aiken 
who stated; "Unfortunately, due in no small degree to the limitations 
of psychological measuring instruments, affective measures have not 
usually contributed substantially to the predictive efficiency of cogni­
tive variables. Nevertheless, it is recognized that personality traits 
do affect success in mathematics" (Aiken, 1973, p. 20). 
Interest in mathematics 
Shapiro (1961) characterized students' failure in math as a lack 
of interest or general dislike for mathematics, a lack of attention or 
study, lack of good work habits, and a lack of ability. 
Attitudes toward mathematics have been measured in a variety of 
studies with varying aged students and utilizing different instruments. 
The results of these studies indicate that achievement and interest 
in mathematics are positively correlated (Ellingson, 1962; Schneider, 
1969; Aiken, 1972a; McCallon & Brown, 1971; Aiken & Dreger, 1961). 
Aiken (1972a) correlated biographical data obtained from 182 
eighth grade students with a math attitude scale and found math atti­
tudes to correlate with routine computations, terms, symbols and word 
problems; to differ from male to female students; to correlate 
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positively with grades in arithmetic and junior high mathematics; and 
to relate to student perception of parent and teacher attitudes toward 
mathematics. 
Attitudes toward math have been found to be more stable for high 
school students than for elementary school students (Anttonen, 1967; 
Aiken, 1972b). 
Several studies have been concerned with the relationship of atti­
tudes toward various instructional materials or methods, Ferderbar 
(1965) found a decrease in attitudes toward programmed instruction and 
toward mathematics in a study involving 616 junior high school students. 
Undergraduate students who learned math principles by Computed-Assisted 
Instruction (CAI), as contrasted with the traditional teacher approach, 
tended to show an increased interest in computers and a change toward 
a more favorable attitude in math (Kochler, 1972). 
Math teachers have also been found to have an influence on students' 
interests in math. Phillips (1969) compared seventh graders' attitudes 
toward math to the attitudes of their present and former math teachers. 
The attitudes of the most recent teacher correlated significantly with 
student attitudes. 
In surveying various curriculum adjustments in algebra designed for 
the slow learner, Mallory (1939, p. 150) concluded that "in planning a 
course for slow pupils this element of interest must receive adequate 
attention. Pupils will succeed better with work which they enjoy." 
A positive correlation of attitudes toward math and math achieve­
ment has also been found in 12 countries in the international study as 
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reported by Husén (1967). 
Reading 
"Research indicates that many problem-solving difficulties are 
actually reading difficulties" (PREP, 1972, p. 15). Eagle (1948) at­
tempted to define those reading abilities which predict success in math. 
Those factors were: math vocabulary, ability to organize information, 
and interpretation of graphs and formulas. Posamentier (1966) found 
that students who read well scored better on a geometry test than stu­
dents who read poorly. 
Most of the other studies involving math and reading contrasted 
groups of students receiving special reading instruction with students 
having no instruction. Those students who were given reading instruc­
tion achieved more success than their peers in Algebra I (Clark, 1939), 
Algebra II (Call & Wiggin, 1966), Math 7-9 (Dresher, 1934), Arithmetic 
1-8 (Finck, 1935). However, Curry (1955) conducted a similar experi­
ment with Math 7 students and found no significant differences between 
groups of students. 
Problem solving 
Problem solving ability, as defined by Joan Suppes (1971, p. 1) is 
the ability "to recognize problems, generate hypotheses, reason out the 
implications of these hypotheses, and test them against experience." 
Although many studies contain the words, "problem solving" in their 
titles, most of these studies center around computational problems and 
do not fit the above definition. Thus, this review is concerned with 
22 
those studies which incorporate verbal or situational problems. 
In a study conducted by Kilpatrick (1967), eighth grade students 
were asked to solve word problems using equations. Their scores were 
found to correlate positively with math achievement, general reasoning, 
word fluency, and quantitative ability. 
Two factor-analytic studies on problem solving yielded conflicting 
results; this may be due to the differences in the factor analysis proce­
dure used, as Aiken (1972b) has suggested, and/or due to the differences 
in the problem solving instruments. Werdelin (1966) found problem solv­
ing tests loaded strongly on a general reasoning factor and to a lesser 
extent on numerical and deductive reasoning factors; spatial and verbal 
comprehension factors were found to be unrelated to problem solving. 
Martin (1963), however, found high correlations between problem solving 
and reading comprehension, computation, abstract verbal reasoning and 
arithmetic concepts. 
Computer "programmers have found that the incorporation of general 
heuristic rules, such as working backward or using a diagram, not only 
facilitates problem solving, but also results in performance by the com­
puter that closely resembles the behavior of humans struggling with 
similar problems" (Kilpatrick, 1969, p. 527). 
When given the opportunity to solve problems by several different 
methods, sixth grade students were found to be more persistent and more 
flexible in the methods used than students who knew only one method 
(Ackerman & Levin, 1958). 
Bowman (1932) found student preference for particular types of 
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problems to be related to intelligence. Four hundred thirteen junior 
high school students were involved in the study. Students of high abil­
ity tended to have no distinct preference for the types of problems, and 
performed equally well on all of them. However, students of lower intel­
ligence preferred problems involving computation only. They tended to 
dislike problems having complex situations or requiring descriptive 
analysis. 
"It would appear that reading ability of students, reading level of 
materials, and vocabulary of both must be considered as being closely 
interrelated with learning to solve verbal problems" (PREP, 1972, p. 9). 
Music 
"From time to time such characteristics as a fondness for music and 
other arts . . . have been attributed to mathematicians" (Aiken, 1973, 
p. 24). In a study by Jenkins (1961), 256 high school students, selected 
by school counselors, participated in a study designed to examine the 
relationship between music aptitude, mental ability, math and science 
aptitudes. Half of the students had had no training in music, the other 
half not only has training but were currently in a school music organiza­
tion. Mathematical aptitude was measured by the DAT Numerical test and 
musical aptitude was measured by the Drake Music Memory Test. Correla­
tions between math and musical aptitudes ranged frcm 0.37 to 0.46. Crow 
and Crow (1965) found that gifted children have a high level of special 
aptitude in art, music, or science. 
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S oc i oec onomic status 
The question of the influence of a person's background upon his 
achievement frequently occurs in studies on aptitude. "There is a large 
body of data showing a positive relation between occupational level and 
intelligence test performance" (Anastasi, 1966, p. 166). She has also 
concluded that "not only do urban groups excel rural groups on most 
intelligence tests, but these differences, too, are larger in verbal 
than in mechanical and spatial functions" (Anastasi, 1966, p. 166). In 
commenting about the instruments used to obtain these data, she states 
that tests may reflect the test constructor's social class, and that the 
samples used may have been biased toward urban subjects. 
Sex 
Most studies indicate the existence of sex differences in math 
achievement and attitudes toward math. In elementary school, differ­
ences in math achievement tend to favor the girls; the data are conflict­
ing for junior and senior high school students (PREP, 1972). 
In a study conducted by Burgert (1935), boys' math grades were 
higher than the girls' in ninth grade. Foran and O'Hara (1935) also 
found that boys scored higher than girls on a geometry test, independent 
of intelligence. In a study with 2450 elementary school students, 
Stroud and Lindquist (1942) reported girls to be superior to, but not 
significantly different from, boys in all school subjects except arith­
metic. Sheehan (1968) also found girls to be superior to boys in ninth 
grade on a math problem solving test. When effects of previous achieve­
ment, aptitude, and IQ were removed, the boys were superior. Alexander 
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(1962) observed no significant differences between seventh grade boys 
and girls on a problem solving test, whether intelligence was controlled 
or not. "Taken collectively, the research results show that, on the 
average, girls tend to score higher than boys on tests of verbal ability, 
arithmetical fundamentals, and rote memory, whereas boys are superior 
in spatial ability, arithmetic reasoning, and problem solving" (Aiken, 
1973, p. 17-18). 
Differences in attitudes toward math may also be due to sex dif­
ferences, Kauffinan (1955) found boys' interests in math to increase 
with age. High school boys' attitudes were more positive toward math 
than the girls' (Farley, 1969). 
Teacher ratings 
It is generally believed that teachers should know their students 
well enough to be able to identify certain general learning character­
istics such as math aptitude. 
In Coy's study (1923), elementary school teachers were asked to 
select their five brightest students in their classroom. In comparing 
this selection to the selection via intelligence test scores, he found 
that the teacher rating did slightly increase the selection accuracy. 
Terman (1925) also used teacher ratings of the youngest and the 
brightest children for his study involving 1528 students. This rating 
included an additional ten percent of the students who would have been 
excluded by the usual testing procedures. Thus, teacher ratings may be 
a helpful means of identifying specific characteristics of students. 
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Summary 
In general, cognitive measures tend to account for close to fifty 
percent of the total variance of math achievement scores. Affective 
measures such as, personality and interest, do increase the predictabil­
ity of the model but to a lesser extent. Math achievement has also been 
found to relate directly to other subject matter, e.g., science, reading, 
and music. Socioeconomic data indicate that disadvantaged students do 
not perform as well in mathematics as their peers. Boys have usually 
excelled in math and science, and girls have been found to perform 
better in more "verbal" courses of study. 
Studies Related to Algebra and Geometry 
Algebra and geometry are two different disciplines in mathematics. 
With modern math courses several attempts have been to integrate both 
approaches. Most of the existing studies on algebra and geometry con­
centrate on methods of teaching or course content; few studies have 
tried to identify those factors which indicate success within the course. 
Sill fewer investigate the differences between predictors of success in 
algebra and geometry. 
Both algebra and geometry aptitude tests have shown some predictive 
validity. Hanna (1967) correlated final algebra grades with the Orleans-
Hanna Prognosis Test and found the coefficient to be 0.70. Final grades 
in geometry were also correlated with the Orleans-Hanna Prognosis Test, 
yielding a coefficient of 0.60. 
Students who had failed algebra and geometry were found to rank 
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in the lowest half of their high school class; seventy percent of these 
were in the lowest quarter (Joseph, 1940). 
Algebra 
Dinkel (1959) attempted to answer the questions of who should take 
algebra and when it should be taken. Those variables which correlated 
highly with final algebra grades were arithmetic test scores and Orleans 
Algebra Prognosis Test scores, and past arithmetic grades. Variables 
which did not contribute to the prediction equation were; age, sex, 
parent's opinion about algebra, work habit grades, and reading grade 
placement. 
Messier (1961) also found that age did not make a difference in 
success in algebra. His concern was the appropriateness of algebra for 
eighth grade students. 
Intelligence test scores have also been found to be the best pre­
dictors for success in algebra (Baldauf, 1963; McCuen, 1930). 
Barnes and Asher (1962) found that past achievement in math, as 
measured by eighth grade arithmetic grades, predicted success in algebra 
better than IQ, or scores from reading and algebra aptitude tests. 
Similar results were obtained by Mogull and Rosengarten (1971). The 
multiple correlation coefficient reached 0.50 with Math 8 grades but did 
not increase significantly with the additional variables (i.e., DAT Ver­
bal, Numerical, and Abstract Reasoning tests, and Iowa Algebra Aptitude 
Test). 
Eighth grade math grades were also found to be the best predictor 
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of success in algebra in McQueen and Williams' study (1958). He also 
found that reading and IQ were not significant variables in the predic­
tion of success in algebra. 
To summarize, the best indicators of success in algebra have been: 
IQ, past achievement in math (usually Math 8 grades), and an algebra 
aptitude test; reading test score and age also correlate highly with 
algebra grades. 
Geometry 
Some variables which were found to be good predictors of success in 
algebra are also good predictors of success in geometry. Reading ability 
tends to be more highly correlated with geometry achievement than with 
algebra achievement (Bennett, Seashore & Wesman, 1952), 
D'Augustine (1963) found reading and arithmetic achievement scores 
to be significant factors in achievement in topics of topology and gecsn-
etry, but sex and grade level did not have a significant effect on the 
test scores. 
Hanna and Lenke (1970) also investigated the relationship of final 
grades in geometry to age, sex, and the student's prediction of his 
grades. Grade prediction by those students who were realistic about 
their capabilities was the best single predictor of the final grades. 
Three geometry prognosis tests (Iowa, Orleans, Lee) have been com­
pared by Hanna (1967). Correlations ranged from 0.47 to 0.52 between 
the tests and final course grades, with the Orleans test being the best 
predictor. Teacher rankings of student's achievement also correlated 
highly with the final grades. Both algebra and arithmetic grades 
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correlated in the low 0.20's with the final geometry grades. He also 
investigated the validity of interest inventory scales for the predic­
tion of success in geometry (1966). Hanna believes that the value 
of these interest scales for prediction is modest. 
Summary 
What a student learns is dependent upon the unique patterns 
of aptitude possessed by the individual. To be able to predict suc­
cess for each individual in specified courses, it is necessary to con­
sider the interaction of a set of aptitudes with the treatment (courses). 
Research has indicated that success in mathematics is dependent upon 
the following set of variables: intelligence, personality, interest 
in mathematics, differential abilities, reading, music, socioeconomic 
status and sex. No one study has had a comprehensive investigation 
of all of these variables and their interactions with different mathe­
matics courses. Although algebra and geometry are two separate disci­
plines (treatments) within mathematics, research has indicated differ­
ences in predictors of success in each. Intelligence, previous year's 
grades in math, and specific prognosis tests have tended to be strong 
predictors for both algebra and geometry. Reading ability may predict 
success in geometry better than for algebra. 
Since the percent of total variance accounted for by predictors of 
algebra and geometry grades have not risen above fifty percent, it is 
possible that other aptitudes must play an important role in differential 
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prediction. This study will investigate the interaction of those 
aptitudes which have been successful in predicting math achievement 
with two treatments, algebra and geometry. 
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METHODS 
Subjects 
Students selected for this study were juniors from the two public 
high schools in the sixth largest school district in Iowa. This system 
enrolled 15,105 students during the 1972-1973 school year (Williams & 
Warf, 1973). Two thousand eight hundred fifty-eight students attended 
high school, and 922 were juniors. 
All juniors having taken both algebra and geometry were included in 
the target population (n = 371). Seventy-one students were eliminated 
from the study: 1) 28 students were not informed of the test; 2) 42 
students' work-study schedules conflicted with the testing time; and 
3) one student refused to identify himself on the test materials. Thus, 
300 students were used in the analyses. Of these, 62% were from one 
high school and 38% from the other; 52% of the sample were males (see 
Table B.l). 
The students came from families having an average education of 12% 
years (see Table B.2). The parents' average occupational skill was that 
of a blue collar worker (see Table B.3). 
The 71 students who were excluded from the sample were measured on 
socioeconomic status, parents' education level, math grades, standardized 
achievement tests, and IQ. There were no significant differences between 
this group and the experimental sample (see Table B.4). 
The sample was divided twice to identify specified subgroups. The 
first division was for the purpose of looking at differences between 
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successful and nonsuccessful math students. Eighty students who were 
rated by their former math teachers as having high mathematical aptitude 
(5.5 and above) and also having obtained a math grade point average be­
tween 3.00 and 4.00 comprised a math "stars" subgroup. Forty-six stu­
dents met the criterion for math "nonstars" (math GPA less than 1.75 
and teacher rating lower than 4.0) (see Table B.5). 
The second division was made for the purpose of identifying apti­
tude-treatment interactions. Differences between the algebraic stars 
and geometric stars were examined. Algebraic stars were defined as stu­
dents whose algebra GPA was greater than geometry GPA. There were 98 
algebraic stars. One hundred twenty-four students were identified as 
geometric stars since their geometry GPA was greater than their algebra 
GPA (see Table B.6). 
Instruments and Variables 
Data were obtained from students' cumulative files, former mathe­
matics teachers, and four instruments administered to the students. The 
variables studied, as well as the instruments employed to measure them, 
are described below. 
1. Measures of success in mathematics, and algebra and geometry 
in particular, were obtained from the students' cumulative 
files. The Iowa Tests of Educational Development (ITED), which 
were administered to the students in ninth grade, were used as 
standardized measures of achievement. The ITED provided nine 
subscores: Basic Social Concepts, General Background in Natural 
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Science, Correct and Appropriate Expression, Quantitative 
Thinking, Interpretation of Social Studies Reading Material, 
Interpretation of Natural Science Reading Material, Interpre­
tation of Literary Material, General Vocabulary, and Use of 
Sources of Information. Semester grades in algebra and geom­
etry were also recorded for all students; tenth grade class 
rank was obtained for many of the students. 
2. Aptitude measures included scores on the Multi-Aptitude Test 
(MAT, Cureton, Cureton et al., 1955) (see Appendix A.l); IQ as 
measured by the Otis-Lennon Mental Ability Test; and teacher 
ratings (TR) of the student's mathematical aptitude (see Appen­
dix A.2). Six of the ten subtests of the MAT were administered; 
Vocabulary (verbal relations); General Information (verbal re­
lations); Arithmetic (number factor); Number Series (general 
reasoning); Figure Classification (general intelligence); and 
Paper Form Board (spatial perception and visual orientation). 
The Otis-Lennon had been administered to the students in ninth 
grade. 
Mathematics teachers were asked to rate the math aptitude 
of their former students in the sample on a 7-pcint scale. 
Twenty-six students were not rated; all other students were 
rated by as many as three teachers. When several teachers 
rated the same student, the median rating was used. Teachers 
were also asked to state whether the student's performance and 
aptitude matched or were incongruent. The distribution of the 
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teacher ratings and math grade point averages is shown in 
Table B.5. 
Demographic data consisted of the sex of the student and infor­
mation about his socioeconomic status; these were secured from 
the student cumulative files. Race was deleted since there 
were only three non-Caucasian students in the sample. Both 
mother's and father's last school grade completed and their 
current occupations were used as indices of the student's socio 
economic status (SES). The occupational information was coded 
according to the U.S. Government Census Codes (1950). 
Nine scales from the Edwards Personality Inventory (EPI), were 
used to assess personality characteristics potentially related 
to problem solving. The EPI was selected because "although the 
validity data do not appear in the manual, the EPI is an instru 
ment worthy of serious consideration by those interested in the 
assessment of a broad range of personality characteristics in 
'normal' adolescents and adults" (Norman, 1972, p. 154). The 
scales used were: Plans and Organizes Things, Intellectually 
Oriented, Persistent, Self-confident, Has Cultural Interests, 
Conforms, Seeks New Experiences, Likes to be Alone, and Is a 
Perfectionist. These were combined into an inventory of 190 
true-false items (see Appendix A.3); and the student was di­
rected to "predict how people who know you well would mark each 
statement if they were asked to describe you" (Goldberg, 1972, 
p. 151). 
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Information about student's musical experiences, both vocal and 
instrumental, was obtained from a questionnaire developed by 
the investigator (see Appendix A.4). Type of instrument(s) 
played, number of years, and type of instrumental or vocal 
group were used to identify the student's degree of musical 
experience. This information was included as it has been sug­
gested (Crow 6e Crow, 1965) that special aptitudes in art, 
music, or science may be related to personality traits and a 
high level of general intelligence. Musical experiences were 
included in order to measure its potential relationship to 
mathematical aptitude. 
Interest in mathematics, reading, algebra and geometry were 
measured by the Semantic Differential Interest Inventory (SDII; 
see Appendix A.5). This instrument is identical to one devel­
oped by McCallon and Brown (1971) for interest in mathematics. 
Their instrument correlated 0.90 with the Likert-scaled Math 
Attitude Scale (MAS) developed by Aiken (1972a). The semantic 
differential was chosen over the MAS due to its flexibility for 
expansion to include other concepts and because the "correct" 
answers would not be so obvious to the students. 
Reading, algebra and geometry were used as concepts and 
were rated on the same scales as for mathematics. Scales 
appeared in different positions from concept to concept in 
order to prevent response patterns. 
As problem solving tests tend to be situation-specific, the 
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search for suitable, reliable problem solving tasks led back to 
specific test items. The five problems used in the final form 
of the Problem Solving Test (PST; see Appendix A.4) were gleaned 
from well over 200 tasks found in books (Gardner, 1961; Court, 
1958) and studies (Garrett, 1970; Shaw, 1963). Shaw's set of 
group problem solving tasks was used as the nucleus for this 
study since his data contained an analysis of the 104 tasks on 
ten dimensions, e.g., item difficulty, clarity of directions, 
and type of task. 
Validation of the Problem Solving Test 
Seven tasks were originally selected for the trial form of the PST. 
Fifteen professors and graduate students frcxn Iowa State University and 
two high school math teachers then reviewed the trial form, administra­
tive directions, solutions and scoring for each problem. Raters repre­
sented the following departments: Mathematics, Psychology, Education, 
Statistics, Sociology, and Computer Science. Each rater evaluated each 
task on twelve concepts and on the difficulty of the item for high school 
juniors who have taken both algebra and geometry (see Appendix A.6). 
The raters viewed the problem solving test as measuring logical reason­
ing (items 2, 3, 4, 5), algebraic skills (items 1, 3), geometric skills 
(item 3), spatial perception (item 3), and accuracy (item 1). Only a 
moderate importance was placed on arithmetic skills, verbal and non­
verbal ability, flexibility, persistence, application and trial and 
error. 
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Inter-rater agreement on the content of the Problem Solving Test, 
as measured by the average off-diagonal correlations, was quite strong, 
r = 0.42 (see Tables B-8 and B.9). However, there was a great deal of 
disagreement between the judges when rating the difficulty of the items 
(see Tables B.IO and B.ll) as shown by the average off-diagonal correla­
tion being essentially zero (r = 0,08). 
The seven-item trial form of the PST was administered to 22 high 
school juniors who were currently enrolled in the second course in alge­
bra. The 40 minute time period was a limiting factor on students' scores 
as few students reached the end of the test. The discrimination between 
students on problems 1 and 4 was poor since all of the students obtained 
full points for problem 1 and all but two students failed problem 4 (see 
Table B.ll). After discussing the PST with these students and inspecting 
the item difficulty and reliability coefficients, problems 1 and 4 were 
deleted and the directions for problem 2 were clarified. 
With the number of problems reduced from seven to five, and the time 
limit held at 40 minutes, a revised form of the PST was administered 
to another sample of 37 students. In order to determine the limits of 
the PST, a wider range of mathematical experience was sought; this 
sample was composed of twenty juniors currently enrolled in the second 
course in algebra, two seniors who had completed three semesters of 
mathematics beyond geometry, and 15 sophomores currently beginning their 
second semester in geometry. The correlation matrix and reliability 
coefficient are given in Table B.12. With this sample, forty minutes 
was ample time for students to complete the test. The reliability 
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coefficient increased from 0.53 to 0.81 and the average item difficulty 
changed from p = 0.36 to p = 0.43. The decision was then made to retain 
the revised form of the Problem Solving Test as the final form of the 
instrument. 
Design and Analysis 
Since there were two main purposes of this study, the design was 
structured differently for each part. The first purpose was to deter­
mine which factors constitute mathematical aptitude, and what patterns 
of variables differentiated between high and low ability math students. 
In Design I (see Table 2) the sample was divided into three subgroups 
(stars, intermediates, and nonstars) based on performance in math courses 
and teacher ratings on the student's math aptitude. Inter-group differ­
ences on differential abilities, problem solving ability, subject 
matter interest factors, musical experiences, achievement scores, IQ, 
socioeconomic status and sex were then tested. 
To assure that the proportion of number of variables to sample size 
did not exceed the limits of the statistical methods used (Nunnally, 1967), 
factor analyses were used to group and reduce the number of variables. 
Factor scores of the personality inventory and of the interest inventory 
were placed in a stepwise regression along with the remaining set of 
variables. Star, intermediate, and nonstar means were compared by multi­
variate analysis of variance. To determine where the significant differ­
ences were, separate analyses of variance were computed, and the means 
of those variables producing significant differences were plotted. 
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Table 2. Design I: Stars and nonstars 
Math Teacher ratings 
CPA 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
4,00 
Stars 
3.00 
(n = 80) 
Intermediates 
2.00 ~ 
(n = 120) 
-
Nonstars 
1.00 
-
(n = 46) 
0.00 
Design II (see Table 3) examined the differences between algebraic 
stars and geometric stars, the purpose being to determine whether any 
interactions existed between the variables used in the stepwise re­
gression model from Design I and the treatments, algebra and geometry. 
A multivariate analysis of variance indicated significant differences 
between treatments. After testing for equal variances separate t-tests 
were computed. Means of variables producing significant differences 
were also graphed. 
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Table 3. Design II: Algebraic stars and geometric stars 
CPA Geometry 
4.00 2.00 0.00 
4.00 
•i 2-00 
00 
< 
0.00 
Students^. Algebraic stars 
not (n = 98) 
included 
(n = 78) 
Geometric stars 
(n = 124) 
Data Collection 
Data were collected from the students' cumulative files, from math 
teachers and from four tests which were administered to the students by 
the investigator. The tests were administered at the two schools on the 
same day, during a two hour test period. Tests which were partially 
completed were individually readministered during the following week by 
a school counselor. Math teachers at both schools individually rated 
their former students on their mathematical aptitude, using a rating 
form and listing provided by the investigator (see Appendix A.2). 
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Assumptions and Limitations 
Since research on mathematical abilities is so recent and incom­
plete (Romberg, 1969; Cronbach, 1967), it is quite possible that not 
all variables associated with the learning of mathematics have been 
identified. In this study it is assumed that the principal factors in­
volved in mathematical aptitude have been taken into account. The 
instruments used were assumed to be valid measures of these variables 
and that the responses on the personality (EPI) and interest inven­
tories (SDII) were assumed to be true reports of a student's behavior 
and feelings. It was also assumed that a student's personality remained 
relatively constant during the two years of participation in the algebra 
and geometry courses. Other assumptions included: testing conditions 
were such that systematic errors were kept to a minimum; interest in 
mathematics and reading at the time of testing were similar to the inter­
ests held by the student prior to and during his participation in the 
algebra and geometry courses; and the sample was representative of the 
population of students from similar schools who have taken both algebra 
and geometry. 
The accuracy of the results and the implications from the data are 
restricted by the reliability and validity of the instruments employed, 
the representativeness of the sample, and the limitations of the sta­
tistical procedures. The major methodological limitations include the 
following: correlation does not prove causation; different methods 
of factor analysis may result in different relationships and thereby 
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lead to different conclusions; and the combination of items within a 
factor computed from factor analysis methods may not be readily inter­
prétable. In addition, the design does not allow separation of 
teacher effects from the overall treatment effects. 
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RESULTS 
Most of the data collected from the student cumulative files were 
complete. For some individuals a few scores from the ITED subtests, 
teacher ratings, or parents' education levels were missing. In each 
case, sample means were computed and inserted for these missing values. 
Mean responses were also supplied for those unmarked items on the EPI 
and SDII inventories. Sex was coded: 1 = female, 0 = male. The vari­
ables VOCAL and INSTR (instrumental), represent the number of years of 
experience the student had had. 
Data Reduction 
EPI 
In order to reduce the ratio of variables to the number of subjects, 
the EPI scales were factor analyzed. An unrestricted maxium likeli­
hood factor analysis solution with varimax rotation was used. Three 
factors were found (see Tables 4a and 4b). Tucker's reliability coef­
ficient of 0.86 was obtained for these factors where= 42.75 (df = 12, 
p <.005). 
Inspection of the three factors indicated a need for further rota­
tion of factors 1 and 3. The final set of factor loadings for the EPI 
were obtained through a rotation of cos 45° (see Table 5). Scales load­
ing on factor 1 were: does not seek new experiences, is intellectually 
oriented, and likes to be alone. A student scoring high on this factor 
could be described as independent, intellectually oriented person who 
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Table 4a. EPI scale intercorrelations^ 
Scales (n = 300) X S 
Plans and organ. 1 - 9.69 4.39 
Intell. oriented 2 24 - 16.16 5.58 
Persistent 3 44 50 - 10.51 3.77 
Self-confident 4 20 43 40 - 9.88 3.34 
Cultural inter. 5 16 50 26 18 - 7.60 3.65 
Conforms 6 27 -15 -01 -20 -19 - 9.18 3.51 
Seeks new exp. 7 -01 08 OS 09 26 -33 - 12.02 3.25 
Alone 8 04 35 28 25 27 -15 -12 - 7.32 3.02 
Perfectionist 9 57 43 54 23 20 16 -06 08 13.85 5.24 
Unique variances .43 .47 .72 .65 .67 .01 .72 .38 
decimals omitted. 
Table 4b. EPI factor loadings 
Varimax-rotated factor loadings^ 
12 3 
Plans and organizes 1 -.00 .75 .06 .566 
Intellectually oriented 2 .07 .29 .77 .682 
Persistent 3 .08 .55 .47 .753 
Self-confident 4 .08 .18 .49 .279 
Cultural interests 5 .26 .12 .52 .352 
Conforms 6 -.32 .35 -.33 .324 
Seeks new experiences 7 .997 -.01 .01 .980 
Likes to be alone 8 -.13 -.02 .52 .288 
Perfectionist 9 -.05 .74 .27 .623 
= 42.751, df(12); Tucker's Reliability = 0.860. 
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Table 5. Rotated EPI factor loadings 
IW OP INC h2 
1 .04 .75 .04 .566 
2 .49 .29 .59 .672 
3 .28 .55 .38 .525 
4 .29 .18 .40 .277 
5 .18 .12 .55 .572 
6 -.01 .35 - .46 .324 
7 -.70 -.01 .71 .994 
8 .45 -.02 .28 .281 
9 .23 .74 .15 .623 
usually withdraws from social activities. This factor will be referred 
to as EPI-IW where IW represents intellectual-withdrawn. Scales loading 
on the second factor included: plans and organizes things, is a perfec­
tionist, and is persistent. A high score on this scale indicates per­
sonal drive, emphasis on organization and attention to details. This 
scale will be referred to as EPI-OP where OP represents organizer-per­
fectionist. Five scales loaded on the third EPI factor: seeks new ex­
periences, is intellectually oriented, has cultural interests, is a 
nonconformist and has self-confidence. Students with high scores on 
this factor tend to be nonconforming intellectuals who have broad inter­
ests. This factor will be referred to as EPI-INC where INC represents 
inte1lec tua1-none onformis t. 
EPI factor scores were obtained from the product of XR 'F where X 
was the raw score matrix, R"^ was the inverse correlation matrix, and F 
46 
was the factor loadings matrix. Since many scores had negative values, 
a linear transformation was of the form: X = 10(x-h5); and for the 
factors, EPI-OP and EPI-INC the form was X = 10(x+10). These values 
made interpretation easier and provided greater mathematical accuracy. 
These three factor scores for each individual were used in further 
analyses. 
SDII 
Each of the four concepts-mathematics, reading, algebra, geometry-
contained the same fifteen scales, thus yielding a total of 60 items to 
be factor analyzed (see Table B.17). The maximum allowable factors, 
19 (4 concepts and 15 scales), were extracted by an unrestricted maximum 
likelihood factor analysis solution with varimax rotation. From inspec­
tion of the difference in the latent roots a practical solution of eight 
factors was indicated. The response scores were again factor analyzed 
and rotated. Seven of these factors had loadings high enough to be in­
terprétable (see Table 6). Factor scores were computed from the load­
ings on these seven factors and were used in subsequent analyses. 
The first four factors were subject-matter specific, that is, high 
scores on SDII-A indicated high interest in algebra, SDII-G interest in 
geometry, SDII-M interest in mathematics, and SDII-R interest in reading. 
The last three scales reflected students' feelings toward math, algebra, 
and geometry. A high positive score on SDII-EZ indicated that the 
student felt math, algebra and geometry were "soft-light" subjects. 
SDII-MOT factor represents the intrinsic motivation of the subject. A 
high score indicated the student's feeling that math is "active-varied" 
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Table 6. Factor loadings from the SDII 
A G R M EZ MOT VAL 
MATHEMATICS 
pleasant .06 .01 -.07 .41 .06 .09 -.05 
good -.17 -.04 .01 .32 .02 .05 -.19 
active .08 -.00 -.01 .24 -.09 .19 -.10 
valuable -.10 -.01 .11 .38 -.10 .09 -.26 
s trong -.08 -.13 .08 .25 -.04 -.01 -.14 
love .14 .05 .04 .36 -.11 .07 -.02 
fast -.01 -.11 .03 .13 -.01 .00 .06 
comfortable -.02 -.03 .03 .37 .04 .03 .06 
nice .04 .05 .03 .44 -.09 .12 .07 
enjoy .09 .00 .00 .44 .00 .05 .00 
varied -.04 -.02 .02 .06 -.03 .67 .03 
soft -.09 -.07 -. 06 .19 .47 -.07 .08 
unafraid -.05 -.06 .01 .05 .01 -.02 .40 
light -.06 -.05 .08 .04 .56 .09 .11 
secure -.01 -.15 .04 .15 -.01 -.02 .18 
READING 
pleasant .02 .05 .86 .07 -.01 .15 .11 
good -.02 -.02 .81 .10 -.09 .10 -.11 
active .01 .02 .49 .05 -.10 .20 -.00 
valuable -.04 .09 .62 .12 -.24 .15 -.10 
strong -.00 -.03 .80 .04 -.03 -.04 .02 
love .05 .01 .80 .09 -.01 .15 -.05 
fast .08 -.10 .72 -.04 -.10 .00 .08 
comfortable -.04 .04 .85 .09 -. 06 .05 -.02 
nice -.04 .02 .85 .04 .01 .15 -.10 
enjoy -.04 .00 .77 .17 -. 06 .09 -.13 
varied .13 .03 .49 .05 -.12 .19 -.01 
soft .06 -.15 .69 .03 .06 -.01 .07 
unafraid -.00 -.05 .52 .04 -.15 .02 .15 
light -.14 -.04 .40 -.00 .21 .03 .06 
secure .06 -.12 .79 .08 -.08 .12 -.01 
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Table 6 (Continued) 
A G R M EZ MOT VAL 
ALGEBRA 
pleasant .46 -.10 -.07 .08 .01 .17 -.11 
good .34 -.18 -.13 .10 -.04 .18 -.14 
active .26 -.06 -.09 .04 -.10 .20 -.18 
valuable .26 -.09 -.07 .15 -.04 .22 -.38 
strong .19 -.20 -.15 -.03 -.11 .06 -.07 
love .53 -.10 -.10 .13 -.09 .20 -.11 
fast .16 -.17 -.13 -.08 .11 .05 -.08 
comfortable .34 -.13 -.08 .07 .04 .12 -.01 
nice .38 -.05 .12 .11 -.01 .24 -.10 
enjoy .41 -.14 -.12 .14 .03 .18 -.15 
varied .06 -.09 -.02 .01 .03 .63 -.03 
soft .22 -.21 -.09 -.03 .63 .02 .01 
unafraid .21 -.20 -. 06 .06 -.02 -.05 .20 
light .13 -.21 -.10 -.04 .72 .05 .04 
secure .41 -.24 -.06 -.00 -.06 .07 .05 
GEOMETRY 
pleasant .00 .52 -.01 .04 -.03 .12 .12 
good -.02 .43 -.00 -.01 .19 .11 -.03 
active .02 .34 .03 -.04 -.11 .13 -.08 
valuable .03 .30 .18 -.04 -. 06 .20 -.25 
s trong -.19 .32 .03 -.10 .01 -.10 .15 
love .05 .50 .04 .02 .00 .12 .06 
fast -.06 .29 .04 -.17 .05 -.02 .08 
comfortable -.06 .42 .05 -.02 .12 .01 .17 
nice .05 .52 .01 .02 .09 .17 .05 
enjoy .07 .46 .00 -.00 .04 .14 .08 
varied -.02 .10 .00 -.07 .01 .41 -.03 
soft -.13 .33 .06 -.07 .73 - .06 .13 
unafraid -.16 .26 .05 -.11 .02 .07 .34 
light -.07 .21 .11 -.09 .77 .01 .00 
secure -.09 .35 .08 -.08 -.00 .00 .24 
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but a low score meant that he felt math was boring, i.e., "passive-
repetitive". The seventh factor, SDII-VAL, was a type of evaluative-
anxiety factor. Those students with high scores felt math was valuable 
but had some feelings of insecurity about the courses. A low score on 
the other hand, indicated that the student found math to be worthless 
and was therefore secure in it. 
Interrelationships of Variables 
Correlation coefficients showing the interrelationships of all per­
sonality, standardized math and verbal test scores, interests, musical 
experience, sex, socioeconomic status, teaching ratings and grades, and 
problem solving measures are shown in Table B.18. ITED subtests, math 
grades, teacher ratings, and IQ tend to have high positive correlations 
with other variables and music, sex, and socioeconomic data show near 
zero correlations. Personality, problem solving and interest correla­
tion coefficients had a tendency to fluctuate between *0.35. 
Design I. Factors of Mathematical Aptitude 
Three stepwise regressions were computed in order to determine 
which variables contributed significantly to the. prediction of success 
(CPAs) in algebra, geometry, and mathematics. A fourth stepwise regres­
sion was run to find out which variables predicted teacher ratings of 
students' mathematical ability. Table 7 displays those variables which 
2 
contributed .01 or more to R . The variables are shown in the order of 
entrance into the regression equation. The complete set of significant 
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Table 7. Order in which significant predictors entered the regression 
Dependent variable 
Algebra Geometry Mathematics Teacher rating 
Variable Variable Variable R^ Variable R^ 
QUANT .16 IQ .33 QUANT .29 QUANT .25 
MA.RITH .19 EXPR .38 , MARITH .34 MARITH .34 
SEX .21 MARITH .43 USES .38 Ln .38 
EPI-OP .23 NSREAD .45 EPI-OP .40 BUS .40 
NSREAD .25 EPI-OP .46 NSREAD .42 EPI-OP .42 
VENN .26 BUS .48 SEX .44 EQUA .43 
MFIG .27 - - MFIG .45 — — 
SDII-M .29 SDII-M .46 — -
SDII-G .30 SDII-E2 .47 - -
EPI-IW .31 — - — — a — te — — 
predictors of each regression can be found in Tables B.13-16-
Y = Algebra grades 
Interpretation of the regression analysis alone shows that the 
best predictor of grades are computational skill and quantitative think­
ing ability. The successful algebra student also needs to be persistent, 
organized and a perfectionist; and he must be able to manipulate numbers 
and figures, as in a jig-saw puzzle, and be able to interpret natural 
science readings (see Table B.13). High interest in mathematics and in 
geometry are also characteristic of successful algebra students. These 
students may also tend to be intellectuals who withdraw from new and 
social activities. This regression accounted for only 36% of the vari­
ance in algebra grades which indicates other potent variables may have 
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been excluded or that the measurement error was quite large. 
Y = Geometry grades 
Success in geometry depends primarily upon the student's general 
intelligence, verbal and computational abilities. Ability to ccxnpre-
hend natural science reading material and to solve simple topological 
problems seems to facilitate learning of geometry (see Table B.14). 
A successful student of geometry also needs to be persistent, organized 
and a perfectionist. Grades in geometry were predicted more accurately 
than algebra grades—58% of the variance in geometry grades was accounted 
for in the regression. 
Y = Math grades 
Overall success in mathematics, as determined by the average of 
semester grades in algebra and geometry, had several similar and a few 
different predictors of success than in algebra or geometry alone (see 
Table B.15). Mathematical success depends upon computational ability 
and quantitative thinking; this result is similar to the algebra pre­
dictors. A student must have an ability to apply information and have 
a feeling that math is a "soft-light" subject. For success in math a 
student must be organized and persistent as well as a perfectionist. He 
must also have an ability to interpret natural science readings and have 
a high level of spatial perception. High interest in math is also 
indicative of success. This regression accounted for 54% of the vari­
ance in math grades. 
Inspection of the zero-order correlations between math 
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grades and interest showed no relationship existed; however, interest 
in math had a relatively important position in relation to other vari­
ables in the stepwise regression predicting success in math. In contrast, 
IQ had a high zero-order correlation with grades but did not contribute 
much to the prediction of success in math or algebra after quantitative, 
personality and interest measures were added. 
Y = Teacher rating 
Math teachers rated their students on the amount of math aptitude 
they thought the students possessed. This rating can be best predicted 
by; student's computational skills and quantitative thinking; ability 
to interpret literature; being organized, persistent and a perfectionist; 
and ability to solve algebraic equations and topological problems (see 
Table B.16). 
Stars vs. nonstars 
The question arose as to whether the statistical significance of 
predictor variables was due to the characteristics of the total sample 
or whether the variables discriminated among groups of students with vary­
ing degrees of success in mathematics. Thus, further analyses were run 
to determine which variables aid in the prediction of success in mathe­
matics for the entire model and also remain significant predictors be­
tween star and nonstar students. 
Students were divided into three groups according to their math 
grades and teacher ratings (see Table 2). There were 80 stars, 46 non-
stars and 120 intermediates. This grouping did not include the entire 
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sample since 54 students obtained a high math GPA and low teacher 
rating, or a low math GPA and high teacher ratings. 
A multivariate analysis of variance was computed in order to deter­
mine whether or not a significant difference existed among the three 
groups on all of the thirty-eight variables considered jointly. Pillai's 
trace equaled 0.74 which yielded an F value of 3.20 with 76 and 412 
degrees of freedom. This statistic shows the existence of significant 
differences amount the groups at the = 0.0001 level. 
Since this technique only determines the overall significance of 
the groups* contribution to the regression mean square, further inspec­
tion of the variables was made. One-way analysis of variance was com­
puted separately for each of the variables. The F test for each ANOVA 
is shown in Table 8b. Those variables which had a significant difference 
among groups favored the star group in every case. These interactions 
are depicted in Figure 1. As can be seen from the figure, differences 
were between all three groups rather than between star or nonstars and 
the intermediate group. 
The ITEDs, MAT, PST, and IQ all produced significant differences 
among groups, most of which were significant beyond the 0.001 level. 
Those variables which were found to contribute significantly to the 
overall prediction of success in math, algebra and geometry and also 
differed significantly among groups in favor of the star group are said 
to be factors of mathematical aptitude. These factors and the instru­
ment used to measure them are: quantitative thinking (ITED), arithmetic 
skills (MAT), natural science reading (ITED), vocabulary (ITED, MAT), 
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Table 8a. Legend for variables in study-
Variable 
Variable Variable name abbreviation 
MAT Vocabulary MVOC 
General Information MGENFO 
Arithmetic MARXTH 
Number Series MNOSR 
Figure Classification MFIG 
Paper Form Board MPFB 
ITED Basic Social Concepts SCON 
General Background in Natural Science NSBK 
Correct and Appropriate Expression EXPR 
Quantitative Thinking QUANT 
Interpretation of Social Studies Reading SSREAD 
material 
Interpretation of Natural Science Reading NSREAD 
material 
Interpretation of Literary material LIT 
General Vocabulary VOCAB 
Use of Sources of Information USES 
OTIS-LENNON -- IQ 
PST Missing Values EQUA 
School Location and Bus Routes BUS 
Ant Wants the Food ANT 
Class Count VENN 
The Fox, the Goose, and the Bag of Corn FOX 
SES Mother's education MED 
Father's education FED 
Mother's occupation MOCC 
Father's occupation FOCC 
EPI Intellectual-withdrawn EPI-IW 
Organizer-perfectionist EPI-OP 
Intellectual-nonconformist EPI-INC 
Music Instrumental INSTR 
Vocal VOCAL 
SDII Interest in algebra SDII-A 
Interest in geometry SDII-G 
Interest in mathematics SDII-M 
Interest in reading SDII-R 
Math is "soft-light" SDII-EZ 
Math is "active-varied" SDII-MOT 
Math is "valuable-insecure" SDII-VAL 
GRADES Algebra-Semester 1 ALl 
Algebra-Semester 2 AL2 
Geometry—Semester 1 GEl 
Geometry-Semester 2 GE2 
Rating Teacher rating TR 
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Table 8b. Mean differences among groups on predictor variables 
Stars 
_ n = 80 
Variable X S 
Intermediates 
n = 120 
X S 
Nonstars 
n = 46 
X S F(2,220) 
MVOC 7.15 2.74 5.59 2.46 4.78 2.21 15.32*** 
MGENFO 7.31 3.09 5.74 2.84 4.83 2.72 12.40*** 
MA.RITH 7.11 1.84 6.03 1.74 4.89 1.65 24.13*** 
MNOSR 7.21 1.96 6.49 1.73 5.09 2.05 18.91*** 
MFIG 10.68 2.12 10.34 2.16 9.24 2.71 6.13** 
MPFB 4.56 1.99 3.64 2.26 3.57 2.08 5.23** 
SEX 0.51 0.50 0.51 0.50 0.41 0.50 0.70 
IQ 121.56 10.24 111.29 8.87 105.44 7.77 52.38*** 
SCON 19.63 4.30 16.42 4.11 13.74 4.42 30.19*** 
NSBK 20.70 4.34 18.45 4.16 15.07 5.78 22.37*** 
EXPR 19.98 3.25 16.67 2.66 14.85 3.71 47.42*** 
QUANT 21.94 5.19 17.26 4.45 12.61 4.81 58.11*** 
SSREAD 21.73 4.91 17.33 5.32 13.50 4.89 40.12*** 
NSREAD 22.64 5.14 18.37 5.26 13.72 5.46 43.10*** 
LIT 20.71 4.65 16.68 4.69 12.22 5.52 46.11*** 
VOCAB 20.45 4.19 17.51 3.44 15.78 3.76 25.85* 
USES 21.84 4.01 18.39 4.05 14.54 5.39 42.68* 
MED 12.48 1.53 12.19 1.32 12.26 1.47 0.97 
FED 13.29 2.02 12.88 2.01 12.44 1.54 2.92 
*01= .05 F = 3.07 df(2,120). 
**0t= .01 F = 4.79 df(2,120). 
***«= .001 F = 7.32 df(2,120). 
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Table 8b (Continued) 
Stars Intermediates Nonstars 
_ n = 80 _ n = 120 _ n = 46 
X S X S X S F(2,220) 
MOCC 21.70 35.55 16.11 30.65 25.22 35.78 1.47 
FOCC 59.23 26.05 65.23 23.90 59.67 25.90 1.68 
INSTR 0.99 1.03 0.93 1.08 0.76 1.06 0.68 
VOCAL 0.90 0.89 0.78 0.98 0.50 0.86 2.72 
EQUA 0.98 1.10 0.43 0.88 0.13 0.54 14.80*** 
BUS 1.90 1.01 1.25 1.23 0.98 1.15 11.76*** 
*** 
ANT 1.83 0.79 1.41 0.86 1.26 1.02 7.97 
VENN 0.26 0.85 0.11 0.55 0.00 0.00 2.90 
FOX 2.06 1.34 1.71 1.44 1.07 1.44 7.32** 
EPI-IW 51.36 9.99 49.27 8.31 48.47 9.65 1.86 
EPI-OP 100.84 8.22 99.85 7.52 98.54 6.31 1.37 
EPI-INC 100.30 10.55 100.35 9.03 98.59 8.14 0.65 
SDII-A 4.99 3.74 4.61 5.16 5.88 4.99 1.21 
SDII-G 85.71 72.51 82.89 69.38 60.84 108.38 1.68 
SDII-M 29.23 73.04 12.29 77.38 -5.17 88.72 2.92 
SDII-R 158.78 73.30 165.84 103.41 128.12 93.35 2.79 
SDII-EZ 21.86 27.01 16.46 27.00 15.56 26.60 1.21 
SDII-MOT 0.62 3.84 -0.06 4.97 0.86 5.14 0.85 
SDII-VAL 145.34 76.03 151.87 94.03 137.03 101.29 0.47 
Figure 1. Variables which discriminate between stars and nonstars 
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general information (ITED, MAT), general intelligence (IQ-Otis-Lennin, 
Figure Classification-MAT), verbal ability (Social Science Reading-ITED, 
Literature-ITED), spatial perception (Ant-PST, Paper Form Board-MAT), 
general reasoning and logical thinking (Bus-PST, Fox-PST, Number Series-
MA.T), knowledge of science (Natural Science Background-ITED), social 
concepts (ITED), and algebraic skills (Equation-PST). 
All of the above variables can be considered factors contributing 
to success in algebra and geometry, but the order of importance among 
the variables changes with different criteria. There are three excep­
tions to the above statement. Although IQ, Literature subtest, and Fox 
item from the PST produced significant differences between groups, Fox 
was not a good predictor for geometry grades, and Literature and IQ 
were not significant predictors of algebra grades (see Table 9). These 
results are due in part to the partialling effects from the stepwise 
regression procedure. That is, variables are selected individually to 
enter the regression dependent upon all of the variables entered pre­
viously. The ITED subtest. Correctness of Expression, was a significant 
predictor of success in algebra and in geometry but not for the overall 
math average. The Vocabulary subtest of the MAT was a significant pre­
dictor of success in geometry only. 
Design II. Aptitude-Treatment Interaction 
Success in mathematics, as determined by algebra and geometry 
grades, is dependent upon the mathematical aptitude of the student. The 
factors of math aptitude are a composite of many personological variables 
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Table 9. Relative contribution to regression and order of predictors 
Mathematics Algebra Geometry 
Rank Rank Rank 
Variable R^ change order R^ change order R^ change order 
MVOC — — — — — •— — — .001 37 
MGENFO .001 35 .001 34 .001 30 
MA.RITH .048 2 .030 2 .042 3 
MNOSR .007 11 .004 15 .003 19 
MFIG .015 7 .013 7 .007 14 
MPFB .001 26 .002 22 .001 34 
SEX .015 6 .027 3 .004 17 
IQ .002 24 - - .328 1 
SCON .002 23 .001 29 .007 9 
NSBK .002 19 .002 20 .001 31 
EXPR — — .001 27 .057 2 
QUANT .288 1 .157 1 .006 10 
SSREAD .002 21 " .001 32 .006 15 
NSREAD .018 5 .018 5 .019 4 
LIT .001 29 — — — — .003 22 
VOCAB .001 25 .002 21 .002 23 
USES .040 3 .001 24 .008 7 
MED — — — .001 23 .001 28 
FED .003 15 .001 33 .004 18 
MOCC .002 22 .001 28 .002 24 
FOCC .001 34 .001 26 .001 36 
INSTR .001 30 .001 31 .001 29 
VOCAL .001 28 .008 12 .001 32 
EQUA .003 14 .003 17 .002 26 
BUS .001 27 .001 25 .011 6 
ANT .001 33 .002 18 .001 38 
VENN .009 10 .012 6 .001 27 
FOX .002 17 .002 19 .001 33 
EPI-IW .007 12 .010 10 .003 20 
EPI-OP .026 4 .016 4 .021 5 
EPI-INC .002 18 .001 35 .005 16 
SDII-A .008 13 .003 16 .002 25 
SDII-G .001 32 .011 9 .008 13 
SDII-M .011 8 .014 8 .008 12 
SDII-R .001 31 .005 13 .001 35 
SDII-EZ .012 9 .004 14 .006 11 
SDII-MOT .002 16 .001 30 .007 8 
SDII-VAL .002 20 .007 11 .003 21 
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and their interactions. Most of these variables can be found through 
standardized achievement tests involving verbal, mathematical, and prob­
lem solving skills as well as measures of spatial perception and general 
reasoning ability. The intereaction of these factors of math aptitude 
with the treatments, algebra and geometry, is important to educators in 
order to better individualize instruction and to produce better means 
of obtaining success. Design II was structured so as to enable an in­
spection of the interaction between mathematical aptitude factors and the 
treatments, algebra and geometry. 
Students were divided into three groups according to their relative 
performance in algebra and geometry (see Table 3). There were 98 alge­
braic stars, 124 geometric stars, and 78 students with equivalent 
grades. A multivariate analysis of variance was computed in order to 
determine whether or not a significant interaction existed among treat­
ments (groups of students). Pillai's trace equaled 0.39 which yielded 
an F value of 1.64 with 76 and 520 degrees of freedom. This statistic 
showed the existence of significant differences among the groups at 
the ft= 0.0013 level. 
Since the purpose of this design was to determine interactions of 
aptitudes with the treatments, algebra and geometry, further analyses of 
these two groups was warranted. An investigation as to where the 
differences between treatments were occurring involved separate F and 
t-tests for each variable. Table 10 shows the means and standard 
deviations of the variables for treatments, as well as the t-test 
values. Most of the same items and subtests which were significant 
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Table 10. Mean differences between treatments on aptitude measures 
Algebraic stars Geometric stars t 
n = 98 _ n = 124 
Variable X S X S df = 220 
MVOC 5.37 2.46 6.50 2.68 -3.24*** 
MGENFO 5.20 2.96 6.51 2.99 -3.24*** 
MÀRITH 5.68 1.97 6.10 1.75 -1.65 
MNOSR 5.91 1.95 6.41 1.98 -1.90 
MFIG 9.68 2.58 10.17 2.29 -1.48 
MPFB 3.57 2.26 3.88 2.25 -1.01 
SEX 0.51 0.50 0.48 0.50 
tit-* 
-3.80*** 
-3.77*** 
IQ 108.95 8.37 114.83 10.19* 
SCON 15.41 3.66 17.60 4.94% 
NSBK 17.33 4.12 19.06 5.23% 
EXPR 15.76 3.48 17.68 3.54 
QUANT 15.68 4.64 18.28 5.37 
SSREAD 15.56 5.37 18.50 6.06 
NSREAD 16.49 5.41 19.14 6.54 -3.23*** 
-3.88*^ LIT 15.19 5.10 18-04 5.68 
VOCAB 16.97 3.81 19.15 4.30 
USES 16.79 4.72 19.23 5.31 
MED 12.08 1.51 12.41 1.40 1.16 
FED 12.47 1.99 13.10 1.94 -2.37 
VOCAL 0.56 0.84 0.84 0.97 -2.25* 
EQUA 0.33 0.72 0.57 0.93% ::::: EPI-IW 47.16 7.56 50.59 10.13* 
MOCC 19.80 32.50 17.70 32.42 0.48 
FOCC 59.88 26.23 64.02 23.35 -1.24 
INSTR 0.84 1.01 0.93 1.03 -0.66 
BUS 1.31 1.17 1.53 1.25 -1.38 
ANT 1.47 0.91 1.68 0.87 -1.73 
VENN 0.19 0.73 0.12 0.59 0.82 
FOX 1.55 1.48 1.74 1.40 0.98 
EPI-OP 98.85 6-98 99.55 7.87 -0.69 
EPI-INC 100.89 8.24 99.69 9.83 0.97 
SDII-A 4.85 5.52 4.73 3.77 
-2.79 SDII-G 66.49 83.68 96.79 77.49 
SDII-M 13.03 86.94 6.41 71.37 0.62 
SDII-R 165.58 88.29 145.87 92.19 1.61 
SDII-EZ 17.82 27.48 16.71 26.52 0.31 
SDII-MOT -0.52 4.87 0,60 3.99 -1.89 
SDII-VAL 146.57 84.24 141.27 86.49 0.46 
^Unequal variance, separate t-test used. 
*ti2o = 1.980, (p < .05); t^ = 1.960, (p < .05). 
**t]^20 = 2.617, (p < .01); t^ = 2.576, (p < .01). 
***ti20 = 3.373, (p < .001); t = 3.291, (p < .001). 
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predictors of success in math were also significant between treatments. 
The difference in this analysis was found in the interest and person­
ality variables, which tended to interact between treatments (see 
Figures 2-18). All of the significant differences favored the geometric 
stars. This may be due to the fact that geometry grades were more reli­
able than algebra grades, or it may be due to intelligence levels of 
the students (i.e., geometric stars' mean IQ score was significantly 
greater than the algebraic stars' mean IQ score). 
At the 0.001 level, the ITED verbal measures (Vocabulary, Uses of 
Information, Literature, Social Science Reading, Correctness of Expres­
sion, Natural Science Reading, Social Concepts) and the ITED Quantita­
tive Thinking subtest produced significant differences as did IQ and 
the MAT Vocabulary and General Information subtests. Significant differ­
ences at 0( = 0.01 and 0.05 were found on the ITED Natural Science Back­
ground; father's education level; PST Equation; vocal musical experience; 
EPI-IW factor; and SDII interest in geometry-
Although not significant at the 0.05 level, algebra tended to inter­
act with interest in math, algebra and reading, whereas geometry grades 
interacted significantly with interest in geometry. Algebra also inter­
acted with the "intellectual-nonconformist" personality. Geometry, on 
the other hand, interacted with the personality types, "intellectual-
withdrawn" and "organizer-perfectionist." Students whose fathers had a 
high education level tended to have had some interaction with geometry. 
The geometric stars had a higher IQ score which may be the reason why 
IQ was such a high predictor of success in geometry and not algebra. 
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Figures 2 to 18 show plots of separate regression lines for algebraic stars (n = 98) and 
for geometric stars (n = 124). 
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Spatial perception did not interact with either course, but general 
reasoning had a high interaction with geometry. Geometry grades also 
interacted with verbal measures. The difference between algebraic and 
geometric stars was less on quantitative measures than on these verbal 
measures. 
Summary 
There were no significant differences between stars and nonstars on 
measures of personality, interest, sex, socioeconomic status, and music. 
Success in math was indicated by the interrelationship of these vari­
ables with achievement tests and tests of problem solving ability. Math­
ematical aptitude factors were found to be: quantitative thinking, 
arithmetic skills, general intelligence and reasoning, verbal ability, 
spatial perception, natural science reading ability and knowledge, and 
algebraic skills. Those factors which interacted with algebra were not 
as significant as those which interacted with geometry. Each subject 
appeals to different personality-types. Verbal ability and quantitative 
thinking interacts highly with geometry and the differences in computa­
tional ability of the two groups are insignificant. Interest in geometry 
was important to students' success in geometry; in contrast, interest 
in algebra was not significantly different between treatment groups. 
These results show that various combinations of personological variables 
indicate overall success in mathematics and that these factors interact 
differently with the treatments, algebra and geometry. 
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DISCUSSION AND CONCLUSIONS 
Psychological traits and abilities can be measured by a wide vari­
ety of instruments and methods. However, even when two instruments 
purporting to measure the same ability are administered to the same 
sançle a less than perfect correlation often results. Therefore, the 
findings of this study may differ from those of other studies due to 
variations in instruments used. Also, differences between samples of 
students studied may cause differences in results. 
Correlations Between Variables 
In this study, the intercorrelations between the 43 variables exam­
ined generally fell in the range of values found in previous studies. 
Correlations of IQ with other variables ranged from 0.13 to 0.45 for the 
ITED subtests; from 0.18 to 0.38 for the PST; and were essentially zero 
with socioeconomic status, personality and interest measures. These 
results are similar to those reported in the studies surveyed by Suydam 
(1970). IQ correlated 0.53 and 0.57 with geometry semester grades, 
which is comparable to Hummer's (1936) correlation of 0.58 between IQ 
and geometry test scores. Algebra grades, however, correlated lower 
with IQ than in Rosilda's (1951) study--0.32 and 0.34 as compared to 
0.42. The three personality measures correlated higher with achieve­
ment test scores than with grades, interest measures, socioeconomic 
status or musical experience; results similar to those of Ayers, Bashaw 
and Wash (1969). Like Posamentier's findings (1966), verbal measures 
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(on the ITED and MAT) correlated positively with geometry grades. These 
measures also correlated more highly with geometry grades than with 
algebra grades. 
Achievement in math courses, as measured by semester grades, was 
found to be independent of student'-s interest in the subject matter. 
This result is opposed to the high positive correlations found in studies 
by Aiken (1972a), Ellingson (1962), and Schneider (1969). Since there 
may have been a restricted range of students within this study (i.e., 
all were drawn from one school system and all had two years of high 
school mathematics), interest in these subjects may not vary as widely 
as in the population at large. Socioeconomic status, as measured by 
parents' education levels and occupations, also had no relationship with 
grades except for a slight positive correlation between father's and 
mother's education levels and geometry grades. Unlike Anastasi's (1966) 
survey, the correlation matrix showed that the socioeconomic variables 
had near zero correlation with IQ. Math grades and sex correlated low, 
from 0.06 to 0.11, and slightly favored the girls. 
As teacher ratings of students' mathematical aptitudes were made 
after the students' grades were assigned, these measures may not be inde­
pendent, as shown by the positive correlations between teacher ratings 
and algebra semester grades (0.48 and 0.55) and geometry semester grades 
(0.66 and 0.67). 
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Indicators of Success 
Formerly, success in mathematics was thought to be reserved for 
only the intelligent (Wrigley, 1958). In later investigations, however, 
other variables were found to be indicative of success in mathematics. 
High verbal ability (Muscio, 1962), personality factors (Cattell & 
Butcher, 1968), reading ability (Call & Wiggin, 1966), musical ability 
(Jenkins, 1961), interest in math (Aiken, 1972a), and socioeconomic 
data (Anastasi, 1966) have all been shown to predict or correlate with 
math achievement. But prior to this study, no investigation of the rela­
tive importance of each of these variables to success in mathematics has 
been carried out. 
Those cognitive variables which predicted success in math were 
verbal ability (interpretation of natural science reading materials), 
quantitative ability (computational skills, quantitative thinking), and 
spatial perception. Affective measures having a discriminating role 
were: interest in math, feeling math is easy, and personality factor, 
EPI-OP, (the student is persistent, a perfectionist who likes to plan 
and organize things). 
Prediction of algebra and geometry grades was similar to the pre­
diction of overall success in math. However, some variables were better 
indicators of success in algebra than for success in geometry: interest 
in geometry and the personality factor, EPI-IW, (the student is intellec­
tually oriented but does not like to venture into new situations). 
General intelligence and the ability to think logically were better pre­
dictors of success in geometry. IQ appears to be more closely related 
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to geometry grades than algebra grades since students with the highest 
IQs were geometric stars. 
As students within this sample have already experienced some degree 
of success in math, evidenced by their electing to study both algebra 
and geometry, and the fact that only students who completed both courses 
were included in the study, the range in scores on variables related to 
math ability is perhaps narrower than it would be for the entire high 
school student body. Consequently, correlations between predictors 
and math grades may have been lowered, thus resulting in some poten­
tially useful predictors being statistically insignificant in this 
sample. 
Factors of Mathematical Aptitude 
Even within this restricted sample of students, it was possible to 
find variables which discriminated between high and low math achievers. 
Those factors which discriminated between high and low achievers and 
thus can be considered factors of mathematical aptitude are: quantita­
tive thinking, computational skills, interpretation of natural science 
reading materials, vocabulary, use of sources of information, general 
reasoning and logical thinking, knowledge of science, interpretation of 
social science concepts, and algebraic skills. It is important to 
note that these factors of mathematical aptitude are to be taken collec­
tively as a composite; it is the interdependence of these variables 
which indicate success, not a single high score on one of these measures. 
Thus, for example, to conclude that a student's failure in algebra was 
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due to his poor algebraic skills would ignore the interrelationship of 
this skill to his reading ability or quantitative thinking ability. 
When combining data from several instruments, as in this case, the 
measurement error in each variable reduces the amount of true score 
variance. In addition some factor analyses yielded incomplete solutions 
and thereby introducing possible error. Administrative conditions at 
one school were not ideal and may also have been a source of error. 
The low percent of variance accounted for (R^ = .54) may be attrib­
utable to these sources of error. Or, perhaps, other variables, such 
as science grades or music ability, need to be included in the regres­
sion in order to account for more of the variance in semester grades. 
ATI 
Mean differences between treatments were significant for 17 vari­
ables; all of these means were higher for the geometric stars. Gener­
ally, aptitude-treatment interactions followed the pattern, "high aptitude 
interacts favorably with a geometric treatment and low aptitude inter­
acts with an algebraic treatment." As in most cases, the range of scores 
for algebraic and geometric stars did not overlap at the extremes, when 
examining the regression lines between the two treatments some aptitudes 
interacted more favorably with an algebraic treatment than with a 
geometric treatment. 
Inspection of the projected regression lines led to the following 
conclusions: Students with high quantitative thinking ability did well 
with an algebraic treatment and students with low quantitative ability 
78 
did better with a geometric treatment. Similar interactions favoring 
the algebraic treatment were observed on measures of natural science 
background, correctness of expression, IQ, and interest in geometry. 
Interest in geometry increased directly as math GPA increased for alge­
braic stars but for geometric stars interest in geometry was inversely 
related to math GPA. 
Students with high verbal ability performed better with a geometric 
treatment and students who had lower verbal ability performed better on 
an algebraic treatment. Similarly, high scores on measures of social 
studies reading materials and social science concepts interacted with 
geometric treatment; low ability interacted with an algebraic treatment. 
Geometric treatments also produced interactions with students who were 
intellectually oriented, liked to be alone and did not seek new experi­
ences. Geometric stars who had several years of vocal musical instruc­
tion and whose fathers had a high education level also experienced a 
high level of success in math. Students who demonstrated their ability 
to solve the system of simultaneous equations (PST-EQUA) performed better 
on a geometric treatment. 
Implications for Education 
Educators need to be aware of individual differences and how these 
differences affect and are affected by learning processes. The teacher 
who tries to individualize instruction and assignments recognizes the 
existence of individual differences but usually charts unknown areas 
when attempting to find suitable alternative treatments for students 
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having varying abilities and personality characteristics. From apti-
tude-treatment interaction studies one may gain insights as to how to 
adjust the curriculum to the needs and abilities of the individual 
student. Two possible alternatives seem to exist. Teachers can either 
attempt to provide additional help and thus build up areas in which the 
student is deficient, or the teacher may develop and use alternative 
treatments which capitalize on the skills possessed by the individual 
student. The former step may be too time consuming for a school situa­
tion; the latter, on the other hand, can be dispatched more quickly. 
In either case, school counselors need to provide the teacher with neces­
sary background data and curriculum developers must make materials for 
alternative instructional treatments easily accessible to the class­
room teacher. 
Algebra and geometry are two branches of mathematics which can be 
considered alternative treatments. This study found different patterns 
of aptitude to be associated with these two treatments. Success in 
geometry was related to high verbal ability, vocal musical experience, 
general reasoning ability, and reading ability. Algebra interacted with 
computational skill, natural science background, general intelligence, 
and interest in geometry. 
From these findings we could conclude that students whose apti­
tudes interact with a geometric treatment would perform better in a 
math course which was taught with emphasis more on verbal and logical 
discussions. Similarly, for students whose aptitudes interact with an 
algebraic treatment, success should increase with more emphasis on 
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computational skills and quantitative thinking and less emphasis on 
verbal discussions. 
To illustrate, PST-3 (Ant Wants the Food) is an example of a prob­
lem which could be solved by either algebraic or geometric methods. By 
computing the hypotenuse of the figure in two-dimensions and comparing 
this value to other possible routes, the student will arrive at the cor­
rect solution by using his quantitative thinking ability, computational 
skill, and spatial perception abilities. The same solution may be at­
tained by a geometric procedure involving logical thinking and general 
intelligence as well as spatial perception. Using this latter approach 
the student must compare lengths of lines, recall that the diagonal of 
the rectangle will result in the shortest distance between two points, 
then choose the diagonal of the largest rectangle in order to arrive at 
the solution. 
The results of ATI studies indicate areas in which more flexibility 
in teaching methods could be introduced in order to allow for individual 
differences. Teachers need to provide more opportunities, such as in 
the above problem, for students to use their varying math aptitudes. In 
order to develop situations which allow for individual differences re­
quires that teachers know which variables interact with which treatments. 
Acceptance of students' different approaches to attain the same goal is 
necessary. As a result of this study, math teachers may be better able 
to find problems and create discussions which utilize those aptitudes 
which were found to interact with the treatments, algebra and geometry-
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Recommendations for Further Study 
Different abilities were found to interact with algebraic and geo­
metric treatments and to indicate success in these subjects. These indi­
cators of success need to be further tested in a variety of ways. A 
replication of this study in another school system would check the con­
sistency of the findings. To test the predictive power of the variables 
measures need to be taken from a sample of students before they begin 
studying algebra and geometry; a comparison of the resultant grades with 
the predicted grades could then be made. Researchers should investigate 
other instruments, methods, and variables in order to attempt to in­
crease the percent of variance accounted for. 
At another level, curriculum guides could be developed to help 
teachers integrate and adjust their lesson plans to the aptitudes of 
their students. A geometry guide might list those aptitudes which inter­
act with a geometric approach to finding the total angle measurement 
of a triangle and suggest a lesson involving experimentation with a 
variety of cut-out triangles. Another, more algebraic, approach would 
involve an experiment with direct measurement of the angles of a tri­
angle, Guides would provide a variety of test items which could be 
solved by either approach. The effectiveness of the various approaches— 
algebraic and geometric--to teaching the same concept could then be 
evaluated using the ATI paradigm. 
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APPENDIX A.l; MULTI-APTITUDE TEST 
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THE MULTI-APTITUDE TEST 
NAME DATE 
SCHOOL 
GRADE SEX 
GENERAL DIRECTIONS 
This test consists of six parts measuring 
different aptitudes and abilities. Each 
part has its own time limit. The time 
limits are short. WORK ON EACH PART ONLY 
DURING THE TIME ALLOWED FOR IT. If you 
finish a part before time is called, go 
back and check your work on that part. 
DO NOT return to a previous part, or go 
ahead to a later part. Work RAPIDLY on 
each part, but try not to make mistakes. 
Each part has its own special directions, 
and one or two examples, correctly marked. 
Be sure you understand the directions for 
e a c h  p a r t  B E F O R E  y o u  s t a r t  t o  w o r k  o n  i t .  
The examiner will NOT answer any questions 
after the starting signal for a part has 
been given. 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO 
DO SO. 
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I. VOCABULARY 
Each test word, in capital letters, is followed by five possible answers. The correct 
answer is the word which means most nearly the same as the test word. Make a heavy 
line with your pencil between the pair of dotted lines at the right which are lettered 
the same as the correct answer. EXAMPLE: 
FRE)QUENT: A) always B) often 
C) never D) very E) soon 
"Often" means most nearly the same as "frequent," so a heavy line has been made be­
tween the dotted lines at the right under B. 
Mark an answer for every word. If you don't know the meaning of a word, make 
the best choice you can. 
You will have three minutes to work on this test. 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO. 
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EXTRAVAGANT: A) exclusive B) prodigious 
C) truant D) covetous E) excessive 
HOMAGE: A) fodder B) toll 
C) allegiance D) foolishness E) fervor 
IMMERSE: A) suspend B) anoint 
C) disclose D) submerge E) originate 
ALIENATE: A) impoverish B) estrange 
C) dissipate D) conciliate E; deprecate 
GARNISH: A) wield Hj harrow 
C.) toughen I)) licaiilify E) degrade 
PRECARIOUS: A) intimate B) wary 
Ç) >nvsluable D) perilous E) adventurous 
DIABOLIC: A) disrupting B) dictatorial 
C) demented D) fiendish E) angelic 
SAVOUR: A) relish Bj poise 
C) balm D) fragrance E) prudence 
QUAIL: A) recoil B) stimulate 
C) rout D) whiten E) descry 
IMBUE: A) distort B) refute 
C) abstain D) inoculate E) allege 
AFFRONT: A) opulence B) admittance 
C) reversion D) deception E) indignity 
ANTIPATHY: A) animosity B) discomfiture 
C) sobriety D) clemency E) negation 
WILE: A) frontier B) stealth 
C) force D) verdure E) stratagem 
LEVITY: A) assessment B) frivolity 
C) solemnity D) residue E) annihilation 
DROLL: A) apprehensive B) obtuse 
C) pitiable D) ludicrous E) listless 
STOP. GO BACK AND CHECK YOUR WORK. 
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IL GENERAL INFORMATION 
Each problem consists of a question or an incomplete sentence, followed by four 
possible answers, ("hoose the answer which best answers the question or completes 
the sentence, and put a cross in the iiox at the right which is lettered the same as the 
answer you have chosen. EXAMPLK: 
Sausage is ordinarily made from 
Sausage is ordinarily made from pork, so a cross has been put in the box at the 
right under C. 
If you don't know the answer to a problem, make the best choice you can. Leave it 
blank only if you have no hunch whatever about any of the answers. 
You will have two minutes to work on this test. 
A) beef B) mutton 
C) pork D) venison 
A B C O 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO. 
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I Scrooge appears in 
A) Henry IV 
C) Canterbury Tales 
B; Vanity Fair 
Dj The Christmas Carol 
2. Coral is found in 
A) reefs B) mines C) oysters D) elephants 
3. The Amazon lies chiefly in 
A) Chile B) Brazil C) Bolivia D) Argentina 
4. Which is a chemical element? 
A) salt B) steel C) brass D) mercury 
5. A fuse is used primarily for 
A) speed B) safety C) economy D) efficiency 
6. The most prominent industry of Chicago is 
A) steel B) textiles C) packing D) automobiles 
7. Bile is secreted by the 
A) liver B) spleen C) kidneys D) pancreas 
8. Which of these is not a trade name? 
A) stetson H) frigidaire 
C) scotch tape I)) ginger ale 
9. The rutabaga is a 
A) fish B) tree C) lizard D) vegetable 
10. Which countries are most closely associated with the 
development of the ballet? 
A) France and England B) France and Russia 
C) Germany and Russia D) England and the U.S. 
11. Which was settled first? 
A) Boston B) Santa Fe 
C) Plymouth Rock D) St. Augustine 
12. With what architectural form is the "flying buttress" 
associated ? 
A) Gothic B) Georgian 
C) Egyptian D) Romanesque 
The creel is used in 
A) hunting B) fishing 
C) dancing D) sculpturing 
Frank Lloyd Wright is noted for his work in 
A) politics B) aviation 
C) sculpture D) architecture 
What is the final stage in passing an amendment to the 
constitution ? 
A) state ratification B) presidential signature 
C) congressional action D) supreme court decision 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
C 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
8 
• 
c 
• 
D 
• 
A 
• 
a 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
B 
• 
c 
• 
D 
• 
A 
• 
a 
• 
c 
• 
D 
• 
A 
• 
a 
• 
c 
• 
O 
• 
A 
• 
B 
• 
c 
• 
D 
• 
STOP. GO BACK AIVD CHECK YOUR WORK. 
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III. ARITHMETIC 
Perform the indicated operations for each problem, and write the answer in the box 
provided for it. Use the margin for figuring whenever necessary. In all problems 
involving fractions, reduce your answers to MIXED NUMBERS, with the fractional 
parts in their LOWEST TERMS. EXAMPLE: 
I t  
+ 2f 
The answer MUST be 4-|-, NOT 4 or —^ or . 
You will have four minutes to work on this test. 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO. 
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1. 88 
54 
+ 79 
s. 
98)9016 
2. 611 6. 
-  3 3 5  
. 3 9  )  3 . 0 0 3  
3 7  
X  6 4  
7. 5-f-
+ 8i-
o.y 
X 5.2 
8. 5^ 
- 2i-
9. 3-r X iT- ^  = 
10. 74- - 3 X 1 
STOP. GO BACK AND CHECK YOUR WORK. 
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IV. NUMBER SERIES 
Each problem consists of a series of six numbers formed according to some rule. 
You are to find the rule, and then write the next two numbers of the series on the 
lines at the right. EIXAMPLES : 
1. 12 12 9 9 6 6 _3_ _3_ 
In this example the rule was to write each number twice, and to subtract 3 from the 
number of each pair to get the number of the next pair. 
2. —2 4 —6 8 —10 12 -/^ J6 
Here the rule was to add 2 to each number to get the next one, and to give a minus 
sign to every other number. 
You will have four minutes to work on this test. 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO. 
3 
5 
1 
2 
91 
10 
63 
12 
625 
5 
64 
102 
3 2 2 
6 8 9 11 12 
J_ _3_ -5_ 4-
3 4 5 6 7 
82 73 64 55 46 
4 0 —5 
48 35 24 15 8 
8 6 5 4|- 4f 
^ 125 -tL- 25 625 125 25 
• 7 10 —14 19 —25 
• 49 — 36 25 16 —9 
STOP. GO BACK AND CHECK YOUR WORK. 
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V. FIGURE CLASSIFICATION 
In each problem there are four figures at the left, all alike in some way, and five 
numbered figures at the rig^it. Find the one at the right which goes with those at 
the left, and write its number on the line at the far right of the box. EXAMPLES: 
oQoO 
1  2  3  4  5  
• • o  .  
The figures at the left are round, and all but one of those at the right are square. 
Number 4 at the right is round, however, so it goes with those at the left, and a 4 
has been written on the line at the far right. 
The answer is 3, because all the lines at the left are straight, and all but number 3 
at the right are curved. 
Mark an answer for every problem. If you don't know the answer to a problem, 
make the best choice you can. 
You will have four minutes to work on this test. 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SOr 
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»
 1 2  3  4  5  
O O  Q \ /  
2. 
o C  ^  )o 
^  o  
1 2  3  4  5  
1  2 ^  3  4  5  
/ < î)\\ X 
^  o  ©  
o  o  
1  2  3  ^ 4  5  
e  ®  ^  ®  a  
1 2  3  4  5  
r~\ 
ê  ?  e  e.; : ?' 
GO ON TO THE NEXT PAGE. 
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STOP. GO BACK AND CHECK YOUR WORK. 
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X. PAPER FORM BOARD 
In each problem, think of the figures in the upper section as the pieces of a jigsaw 
puzzle. They can be slid around, but they cannot be turned over. If you slide them 
a r o u n d ,  t h e y  w i l l  f i t  t o g e t h e r  t o  m a k e  o n e  o f  t h e  f o u r  f i g u r e s .  A  o r  B  o r  C o r  D ,  
below. PRINT the CAPITAL LETTER of that figure in the upper right corner. 
EXAMPLES (with correct answers) : 
Mark an answer for every problem. If you don't know the answer to a problem, 
make the best choice you can. 
You will have three minutes to work on this test. 
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO. 
107 
A B 
C D 
A B 
C D 
B 
C 
GO ON TO THE NEXT PAGE. 
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7. 
A 
D 
STOP. GO BACK AND CHECK YOUR WORK. 
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APPENDIX A.2: TEACHER EATING FORM 
Dear Math Teachers, 
For my research study on math aptitude, I need your help in rating 
the following students on their math aptitude. Each of the students 
listed below have taken both algebra 1-2 and geometry. Please find the 
names of the students you have taught for at least one semester and mark 
the appropriate space after their names. Also, most students' work re­
flects their aptitude but there are a few cases where a student has a 
higher aptitude than his grades and work reveal. For the purpose of 
identifying these students, please circle y=yes if you feel that the stu­
dent's performance and aptitude were similar. Circle n=no if you feel 
that the student's performance was very different from his aptitude. 
Thank you for your time and cooperation. 
Student names Math Aptitude 
HIGH LOW 
1. Y N 
2. Y N 
3. Y N 
4. Y N 
5. Y N 
6. Y N 
7. Y N 
8. Y N 
9. Y N 
10. ; ; Y N 
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APPENDIX A.3; EDWARDS PERSONALITY INVENTORY 
DIRECTIONS: This inventory contains a number of statements that other 
people may or may not use in describing you. None of the statements are 
about your religious or political beliefs or your health. Every state­
ment in the inventory is a statement that some person has used at one 
time or another in describing another person. Presumably, anyone who 
has observed you over a long period of time would be in a position to 
judge which of the statements in this inventory accurately describes 
you. Your task, in other words, is to predict how people who know you 
well would mark each statement if they were asked to describe you. Con­
sider the following statement. 
He is good at explaining things to others. 
If you believe that people who know you well would say that this state­
ment accurately describes you, then you should mark it true (A) on your 
answer sheet. If you believe they would say this this statement does not 
accurately describe you, then you should mark it false (B). 
To mark your answers on the answer sheets, darken in A for true, B 
for false, and leave C, D, and E blank. Use answer sheet A (marked in 
green in the upper right-hand corner) for statements 1 to 100. Use 
answer sheet B for statements 101 to 190. On this second answer sheet 
place answer 101 on the page as if it were number 1. Put answer to 102 
in number 2,... and 190 in number 90. Notice that the answers are num­
bered across the page, not down. Therefore, 5 is directly below 1. 
Do not make any marks in the inventory booklet. Mark your answers 
only on the answer sheets. 
While there is no time limit for taking this inventory, it is best 
to work as rapidly as possible. Do not spend a lot of time debating on 
the answers, and do not flip back and forth from page to page. 
BEGIN by turning to the next page. 
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1. He always has his work carefully organized and planned. 
2. He takes a great deal of pride in doing well whatever he does. 
3. He has a tendency to use words that others don't know the meaning of. 
4. He plays any game strictly according to the rules. 
5. He will keep at a difficult task even when he has little hope of 
being successful. 
6. He sets high standard of achievement for himself in his work. 
7. He has imagination and analytical ability. 
8. He spends so much time doing one thing very carefully that he has 
little time left for other things he should do. 
9. He likes to try food he has never tasted before. 
10. He is quite content to spend an evening alone watching television. 
11. He regards doing the best I'e can as very important. 
12. He is usually one of the last persons to finish an examination 
or test, 
13. He is good at any work that requires careful attention to details. 
14. He usually has his day's activities planned in advance. 
15. He has a tendency to overlook important details in his work. 
16. He can carry on an intelligent conversation about art and painting. 
17. He is inclined to follow his own ideas rather than to do what is 
expected of him. 
18. He puts in long hours of work without supervision. 
19. He is not satisfied unless he has done the best job he knows how to 
do. 
20. He has a talent for mathematics. 
21. He is uncomfortable if he has to do a task imperfectly because of 
pressure of time. 
22. He likes to work on a project where he has full responsibility for 
getting it done. ^0 to next page. 
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23. He makes at least two or three drafts of any serious paper he 
writes. 
24. He always checks any arithmetic he does several times to see if he 
has made a mistake, 
25. He thinks a new way of doing something is almost always going to 
be better than the old. 
26. He demands more of himself than others demand of him. 
27. He has little interest in the small details of a problem. 
28. He sets extremely high standards with respect to what he expects 
to accomplish in his work. 
29. He becomes depressed if he is separated from his friend for any 
length of time. 
30. He would hesitate to do anything that others might consider wrong. 
31. He gets upset if he has four or five things requiring his attention 
at the same time. 
32. He keeps his things arranged neatly and orderly on his desk or 
work space. 
33. He is seldom satisfied with the first draft of a paper he has 
written. 
34. He feels uncomfortable if he is asked to do something he has never 
done before, 
35. He is the sort of person who would enjoy being a famous univer­
sity professor, 
36. He keeps at a job until it is completed. 
37. He is a perfectionist in all of his work. 
38. He has little interest in science. 
39. He makes strong demands of himself. 
40. He often wishes that something exciting would happen to him. 
41. He likes to be alone with his thoughts whenever possible. 
42. He will do something over and over again in an attempt to get it 
done right. Go to next page. 
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A3. He demands perfection in anything he undertakes. 
44. He takes a great deal of pride in his work. 
45. He has great admiration for anyone who has everything carefully 
organized. 
46. He has a very high standard of work. 
47. He enjoys seeing a serious stage play. 
48. He does his best to prevent anyone from dominating him. 
49. He seldom gets bored with what he is working on. 
50. He is very fussy about minor things. 
51. He has a good memory for the books he has read. 
52. He seldom turns in a written assignment without first checking it 
for possible errors. 
53. He is willing to accept the responsibility of making the plans for 
something that has to be done. 
54. He is dedicated to his work. 
55. He would rather not do a job than do it imperfectly. 
56. He enjoys searching for new ways to do things. 
57. He is the sort of person who makes you feel that if he does some­
thing it will be done right. 
58. He is able to see the broader implications of a problem. 
59. He is the sort of person who would enjoy doing research. 
60. He has a number of hobbies he can work on alone that keep him busy 
during his spare time. 
61. He is constantly seeking for the meanings and implications of things 
and ideas. 
62. He is the sort of person others like to have with them in time of 
trouble. 
63- He makes a plan before starting to do something difficult. 
Go to next page. 
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64. He enjoys putting in long hours on his work. 
65. He enjoys listening to a good opera. 
66= He obeys without question rules and regulations set by those in a 
position of authority. 
67. He forgets about time when he is working on something that interests 
him. 
68. He seldom criticizes anyone in a position of authority. 
69. He has a strong need to find out about things. 
70. He has a great deal of interest in religion. 
71. He sometimes does things that are dangerous just for the thrill 
of it. 
72. He dislikes going to a movie by himself. 
73. He enjoys being assigned to plan something. 
74. He likes to do things that require the participation of others. 
75. He frequently does something on impulse. 
76. He sees to it that any written work he does is precise and well 
organized. 
77. He is able to understand abstract ideas. 
78. He owns a considerable number of books of a serious nature. 
79. He does not like to be told what to do. 
80. He will keep trying to solve a puz%le long after everyone else has 
given up. 
81. He has difficulty putting aside a book he is interested in once he 
has started reading it. 
82. He admires people who are original and unconventional. 
83. He is uncomfortable in any situation in which he does not know 
clearly what is expected of him. 
84. He has confidence in his ability to get things done. 
85. He seldom reads a novel. 
Go to next page. 
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He sticks to a plan of action once he has decided on it. 
He is changeable in his likes and dislikes. 
He thinks most things out for himself. 
He makes the best possible use of his abilities. 
He likes to take walks by himself. 
He enjoys doing things on the spur of the moment. 
He would rather be an administrator than a researcher. 
He is not sure of his opinions. 
He plans his work carefully. 
He reads only things that interest him. 
He likes going to symphonies and concerts. 
He can always find some reason for doing what he wants to do. 
He does not mind staying up late in order to get a job done. 
He makes up his mind quickly about things. 
He is interested in finding out how things work. 
He gets little enjoyment from an intellectual problem or task. 
He buys things he can't really afford. 
He doesn't depend on the company of others to keep from being bored. 
He has been known to stay up all night working on something he 
was interested in. 
He has a strong need to be independent of others. 
He often picks up a book and reads it from beginning to end with­
out stopping. 
He carefully outlines any speech or paper he has to give. 
He believes that most problems can be solved if the approach to 
them is carefully planned. 
Go to next page. 
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109. He has a large vocabulary that he doesn't hesitate to use in 
talking to others. 
110. He does things that others regard as unconventional. 
111. He has a tendency to leave tasks unfinished, 
112. He has no desire to have many close personal friends. 
113. He enjoys thinking and speculating about a problem. 
114. He has been known to plan carefully a holiday or vacation and then 
decide to do something else at the last minute. 
115. He dislikes being forced to make a decision on the spur of the 
moment. 
116. He enjoys reading about developments in modern science. 
117. He likes to put in long hours of work without distraction. 
118. He likes to experiment and try new things. 
119. He is a very conventional person. 
120. He tends to identify himself with the characters in the movies 
he sees. 
121. He made plans to attend college when he was a freshman, in high 
school. 
122. He is self-confident in whatever he does. 
123. He is very much interested in science, 
124. He has the ability to make sound judgments, 
125. He likes to have things organized down to the last detail, 
126. He writes comments in the margins of the books he owns, 
127. He likes to read poetry. 
128. He resents having to conform to the rules and regulations of a 
group he belongs to. 
129. He is able to concentrate on a single task for long periods of 
time. 
130. He doesn't seem to be able to enjoy himself when he is alone. 
Go to next page. 
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131. He asks intelligent questions about things he doesn't understand. 
132. He is the sort of person who changes his opinions and attitudes 
from day to day. 
133. He will try almost anything once. 
134. He likes to work on a project by himself. 
135. He can concentrate on reading a book even while others carry on 
a conversation. 
136. He spends considerable time trying to improve his knowledge of 
things. 
137. He does his best to avoid being interrupted at his work. 
138. He likes to follow a set plan in doing his work. 
139. He conforms to custom. 
140. He is the sort of person who would have difficulty liking any kind 
of modern art. 
141. He has a streak of nonconformity in him. 
142. He keeps working at a puzzle or a problem until he solves it. 
143. He would never voluntarily go to an art gallery. 
144. He enjoys reading a book from which he learns something. 
145. He is critical of people who start in to do something without first 
planning what they are going to do. 
146. He hates to work under pressure. 
147. He is happiest when relaxing with a group of friends. 
148. He enjoys dining in some restaurant where he has not been before. 
149. He is usually one of the first to participate in any new fad or 
fashion. 
150. He likes to read science fiction. 
151. He is disturbed if he is not immediately successful in learning a 
new skill. 
Go to next page. 
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152, He has accepted most of the beliefs and values of his parents, 
153, He is considered by others as an expert on good books. 
154, He is more intelligent than most people. 
155, He has difficulty making an important decision without help from 
others. 
156, He carefully plans what he proposes to say in a group meeting, 
157, He has his daily activities planned so that he knows just what he 
will be doing at any given time, 
158, He considers foreign motion pictures superior to the average Holly­
wood production, 
159, He usually manages to do what he wants to do. 
160, He gets so involved in his work that he neglects his sleep. 
161, He is sure of himself in most situations. 
162, He places a high value on intellectual achievement, 
163, He refuses to accept the notion that there simply aren't any answers 
for some questions-
164, He has a reputation for doing unpredictable things. 
165, He is completely happy spending an evening alone reading an inter­
esting book. 
166, He understands something better by studying it alone than be dis­
cussing it with others. 
167, He welcomes any interruption in his daily routine, 
168, He shows considerable initiative in accepting responsibility. 
169, He plans and organizes the details of any complicated tasks he 
undertakes, 
170, He doesn't like to talk about anything that is theoretical in 
nature. 
171, He would enjoy being a famous musician. 
172, He avoids doing things that other people might consider unconven­
tional. 
Go to next page. 
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173. He has difficulty setting aside a task he has undertaken even for 
a short time. 
174. He attacks a task with energy and a strong desire to accomplish it. 
175. He would never voluntarily read a technical book. 
176. He has a reputation for being a nonconformist. 
177. He does not resent having to assume responsibility for the actions 
of others. 
178. He would enjoy being a famous composer. 
179. He likes to have things organized. 
180. He can usually be counted on to suggest something new to do when 
in a group. 
181. He has periods during which he wants to be alone. 
182. He spends most of his spare time doing things with others. 
183. He likes to travel. 
184. He enjoys thinging about a serious problem. 
185. He is primarily interested in concepts and ideas. 
186. He is seldom nervous when faced with a new situation, 
187. He enjoys planning the details of his vacation or holiday. 
188. He has a strong need to complete whatever he undertakes. 
189. He has a wide range of interests-
190. He resents rules and regulations. 
Check your answer sheet for incomplete items and complete them. Do NOT 
go on to the next test. 
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APPENDIX A.4: PROBLEM SOLVING TEST 
DIRECTIONS: This problem solving test is divided into two parts. The 
first part is a questionnaire about your musical experience and your 
preferences in problem solving situations. The second part consists of 
five problems to be worked out. Some of the problems will require you 
to use either algebraic or geometric methods. For these, choose the 
method that is easier for you. You may work the problems in any order. 
It is important that you attempt all of the problems, so do not spend 
too much time on any one problem. You may work on the next page. 
After completing the problem, rate yourself on the scale at the 
bottom of the page. The statement will appear as; 
I think my answer to this problem is 
correct : : : ; incorrect. 
Place an X in the space that indicates the degree of confidence you have 
in your answer. An X mark in the middle space implies that you believe 
your answer has a 50-50 chance of being correct. 
You will have 45 minutes in which to complete this test. DO NOT 
BEGIN UNTIL TOLD TO DO SO. 
1 2 1  
PART I MUSICAL EXPERIENCE 
DIRECTIONS; Complete the following statements by circling the number 
to the appropriate response(s) in each category below. 
1. I have played a musical instrument for over one year. l=true 2=false 
If you circled 2, go on to question 3. 
2. I play (have played) the following types of musical instruments: 
C. Organization A. Type 
1 brass 
2 percussion 
3 strings 
4 winds 
B, Number of years I 
have played 
1 one to three 
2 four to six 
3 seven or more 
1 orchestra 
2 band 
3 small group 
4 private 
3. I have had vocal instruction for over one year. I true 2 false 
If your circled 2, skip question 4 and go on to next section below. 
4. I am taking (have taken) vocal instruction with 
A. Organization 
1 school chorus 
2 church group 
3 private lessons 
B. Number of years (total) 
1 one to three 
2 four to six 
3 seven or more 
PROBLEM SOLVING PREFERENCES 
DIRECTIONS: Underline the phrase(s) that describe(s) your performance 
or behavior. 
1. When a problem can be solved by either algebraic or geometric methods, 
I prefer to use the (algebraic, geometric) approach. 
2. When solving mathematical problems I (always, usually, seldom, never) 
find short cuts. 
3. After having worked on a difficult problem and not getting anywhere, 
I usually (give up, leave it and return later, look at the answer, 
try to work it backwards, work on it some more, check the directions). 
4. I (do, do not) like to work problems that have little practical 
application. 
5. When working word problems I usually (draw a diagram, write the numer­
als down, make up an equation as I read the problem, do not know where 
to begin). Go to next page. 
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6. I prefer puzzles having (a definite scene, an abstract design). 
7. I think my mathematical aptitude is (very high, above average, 
average, below average, very low). 
8. In my spare time I solve problems using mathematics (frequently, 
occasionally, seldom, never). 
9. I work jigsaw puzzles in the following manner. (l=first step, 
2=second step ) Mark only the steps you use. 
find the edges separate the colors separate the shapes 
check the picture turn the pieces face measure the dimen-
up sions 
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PART II 1. MISSING VALUES 
SITUATION: Ycu are given a set of four equations with four unknowns. 
TASK: Find the numerical values for A, B, and C. Do your work on 
this page. 
GIVEN: A = B - 2C 
B = (%) CD 
C = A + 2B + 30 D 
D = -2 
SOLUTION: A = , B = , C = . 
I think my answer to this problem is 
correct : : : : incorrect. 
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SITUATION: 
TASK: 
GIVEN; 
SOLUTION: 
2, SCHOOL LOCATION AND BUS ROUTES 
A consolidated school is to be built in the rural district 
shown in the diagram. The letters A, B,..., G indicate 
points where students are to be picked up by two school buses. 
The capacity of each bus is 11 students and 1 bus driver. 
Mileage between points is shown below. 
Find the best routes for the school buses; that is, name the 
points along the routes where the following conditions are met 
1) the buses can pick up all students without overloading; 
2) the routes do not overlap; and 
3) the routes require the minimum amount of miles. 
The buses may start at any point and need not begin from the 
school each morning-
The school is at point G. 
Pickup points: A B C D E F 
Number of 
students: 5 4 3 12 3 
One of the buses begins at point . Its morning route 
goes through points; . 
The second bus starts at point . Its morning route 
goes through points ; . 
B 
G 
2 mi. 3 mi. 
G (school) 
D 
E 
I think my answer to this problem is 
correct ; ; ; ; incorrect. 
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3. ANT WANTS THE FOOD 
SITUATION: An ant is located at the upper left-hand corner of a card­
board box (lid attached). The ant wants to get the food 
which is at the lower right-hand corner by the shortest 
possible route. 
TASK: Solve this problem either 1) geometrically, by drawing in 
the shortest possible route the ant could take, OR 2) alge­
braically, by finding the equation which represents the 
shortest possible route the ant could take. 
RULE: The ant must arrive at the corner with the food by walking, 
not falling nor travelling through space. 
GIVEN: All faces are rectangles. AB = 1 ft., AH = 2 ft., AD = 4 ft. 
SOLUTION: Algebraic equation . 
Geometric solution (drawn in below). 
(f^ OD 
I think my answer to this problem is 
correct : : : : incorrect. 
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4. CLASS COUNT 
SITUATION: The school counselors wanted to know how many students wanted 
to take chemistry, German, and algebra II during the next 
school year. There were 113 students who sent back their 
ques tionnaires. 
TASK: Find the number of students who wanted to take all three 
courses. 
GIVEN: Number of 
students Course(s) 
90 algebra II 
60 chemis try 
20 German 
40 algebra II and chemistry 
16 algebra II and German 
1 chemistry and German ONLY 
19 chemistry ONLY 
6 algebra II and German ONLY 
SOLUTION: The total number of students who wanted to take all three 
courses was . 
I think my answer to this problem is 
correct : : ; : incorrect. 
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5. THE FOX, THE GOOSE, AND THE BAG OF CORN 
SITUATION: A farmer must row a fox, a goose and a bag of corn across 
the river. The boat is so small that there is room for only 
one "passenger" and the farmer at any one time. 
TASK; Using the following abbreviations (F = fox, G = goose, 
C = corn), place the letter of the passengers in the appro­
priate circles below. 
NOTE: Each frame represents one step. Leave extra circles and 
frames blank. Frame 1 shows the starting positions. You are 
to begin with frame 2. You are to use the other frames to 
show how the farmer would get his possessions to the opposite 
side of the river without loss or damage to them. 
3. Return 1. START 2. Leave 
m 
6. Leave 4. Leave 5. Return 
Q7 
7. Return 8. Leave 
I think my answer to this problem is 
correct : : : : incorrect. 
9. Return 
* 
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APPENDIX A.5: SEMANTIC DIFFERENTIAL INTEREST INVENTORY 
DIRECTIONS: The purpose of this instrument is to measure the meanings 
of certain words to various students by having you judge the words against 
a series of descriptive scales. In taking this test, make your judg­
ments on the basis of what these words mean ^  you. On each page you 
will find a different concept to be judged and beneath it a set of 
scales. You are to rate each concept on the scales in order. 
Examples of how to use these scales: 
1. A mark (X) at the end space means that you feel the concept (in the 
case below. Biology) is VERY CLOSELY RELATED. 
BIOLOGY 
interesting X : : : : ; : boring 
OR 
interesting : ; : : : : boring 
2. A mark (X) near the end space means that you feel the concept at the 
top of the page is QUITE CLOSELY RELATED. 
BIOLOGY 
inter es ting : X ; : : : ; b or ing 
OR 
interesting ; : : : ; X ; boring 
3. A mark (X) toward the middle space means that you feel the concept at 
the top of the page is ONLY SLIGHTLY RELATED. 
BIOLOGY 
inter es t ing : ; X : : : : b or ing 
OR 
interesting : ; : ; X : : boring 
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4. A mark (X) in the middle space means that you feel the concept is 
either NEUTRAL on the scale, both sides of the scale are EQUALLY 
ASSOCIATED with the concept, or the scale is COMPLETELY IRRELEVANT, 
UNRELATED to the concept. 
BIOLOGY 
interesting : : : X ; : : boring 
NOTE: The direction toward which you mark depends upon which of the two 
ends of the scale seem most characteristic of the concept you are judging. 
IMPORTANT: (1) Place your X marks in the middle of the spaces, not on 
the boundaries. 
DO THIS ; X : g THIS ; X 
(2) Be sure to mark every scale for every concept.... 
do not omit any. 
(3) Never put more than one mark on a single line. 
Do not look back and forth through the items and do not try to 
remember how you marked similar items appearing earlier in the test. 
Make each item a separate and independent judgment. Work quickly and do 
not puzzle over individual items. It is your first impressions, the 
immediate feelings about the items, that are asked for. However, please 
do be careful to try to give your true impressions. 
Do not begin until you are instructed to do so. 
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MA.THEMA.TICS 
p 1 easant : ; : : : : unpleasant 
bad ; : : : : ; good 
act ive : : : ; : : pas s ive 
valuable : : : : : : worthless 
weak : : : : : : strong 
love : ; ; : : ; hate 
slow ; : ; : ; : fast 
une omf or tab 1 e ; : : : : : c omf or tab le 
nice : : : : : ; awful 
en j oyab 1 e : : : : : : unenj oyab 1 e 
varied : : ; : ; ; repetitive 
hard : ; ; ; ; : soft 
unafraid : : : : : : afraid 
light : ; : : : : heavy 
insecure ; ; ; : ; : secure 
Go to next page. M 
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READING 
soft : •• : : : : hard 
valuable : : : : ; : worthless 
t : ; ; : : ; g i ow 
unenj oyab le : : : ; ; : en j oyab le 
insecure : ; : : ; ; secure 
p 1 eas ant ; : : : ; ; unp leas ant 
• • : : : : unafraid 
s trong : : : : : ; weak 
uncomfortable : ; ; : ; ; comfortable 
heavy ; : : : : ; light 
^ad : ; ; : ; ; good 
ac tive ; : : : : : pas s ive 
^^te ; : ; : ; ; love 
o^ce : : : : awful 
repetitive : : ; ; ; ; varied 
Go to next page. 
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ALGEBRA 
good : : : : : : bad 
insecure : : ; : ; : secure 
worthies s : : ; ; : : va luab 1 e 
1 ove : : : : : : hate 
en j oyab le : : ; : : unen j oyab 1 e 
soft ; : : : : : hard 
pass ive : : : : : ac t ive 
unp 1 eas an t : : : : : : p leas ant 
1 i gh t : : : : : : heavy 
slow ; : ; : : : fast 
awful : : : : : ; nice 
s tr ong : : : ; : : weak 
afraid : : : : : ; unafraid 
comfortabl e : : : : : : une omf or tab 1 e 
repetitive : : : : : : varied 
Go to next page. A 
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GEOMETRY 
nice : = = = = = 
; passive 
: : afraid 
: : varied 
; pleasant unp leas ant : ' • * ' 
; uncomfortable 
: : weak 
: good bad : • •— * 
. . .  :  ;  h a r d  soft : • • • 
: ; insecure 
; : enjoyable 
: love hate : • •. 
heavy = = = = = = 
fast : : = = = = 
; worthless 
G Go to next page. 
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APPENDIX A.6; CONTENT VALIDITY STUDY OF PROBLEM SOLVING TEST 
The following seven problems have been selected for a problem solv­
ing test to be given to high school juniors. These students will have 
completed both algebra I and geometry. Your cooperation and suggestions 
are solicited for the content validation- The problems and directions 
are given to you as they will appear for the students. The solutions 
and scoring are included after the test. Please study one problem at 
a time, rate it on the sheet below, and then continue to the next item. 
Item difficulty will be on a 5-point scale (1 = very easy, 5 = very 
difficult). All other concepts are to be rated on the degree of the 
concept's presence within the item. These will be on a 3-point scale 
(1 = incidental to the problem, 2 = moderate role in the problem, 
3 = essential to the problem). A blank indicates the concept does not 
appear in the problem. 
Concepts Problem Number 
1 2 3 4 5 6 7 
Item difficulty 
(1 to 5) 
Arithmetic skills 
Algebraic skills 
Geometric skills 
Logical reasoning 
verbal ability 
nonverbal reasoning 
spatial perception 
flexibility 
application 
accuracy 
persistence 
trial & error 
, 
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APPENDIX B: TABLES 
Table B.l. Description of sample by school and sex 
Male Female Total 
School 1 
School 2 
Total 
67 
90 
157 (52%) 
48 
95 
143 (48%) 
115 (38%) 
185 (62%) 
300 (100%) 
Table B.2. Description of sample by parents' education level 
Parent Junior High Some B.A. _ 
Elementary high school college degree graduate n® X S 
Mother 3 21 103 28 18 2 175 12.46 1.83 
Father 9 19 92 18 26 14 178 12.80 2.49 
^Number of cases is less than 300 due to missing data. 
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Table B.3. Description of sample by parents' socioeconomic status (SES) 
Code* SES Mother Father 
90 Professional, 
technical 
3 31 
81 Manager, 
official, 
proprietor 
31 35 
71 Clerical, 
sales 
28 97 
58 Craftsmen, 
foremen 
8 49 
45 Operatives 12 13 
34 Service 
workers 
6 30 
20 Laborers 
(not farm) 
4 27 
16 Farmers, 
farm workers 
12 
06 Farm laborers, 
foremen 
- - 1 
00 Housewives 219 - -
n 300 295 
X 19.36 63.32 
S 33.18 23.70 
^.S. Dept. of Census, HEW, 1950. 
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Table B.4. Comparison of saaple to nonparticipants^ 
Measure Sample 
X S 
300 
n 
Nonparticipants 
X S 
= 71 
n 
t df 
IQ 113 -31 10 .59 292 110 .38 9 .48 68 0 .31 360 
Sex 
male — - 157 — - 33 — — - — 
female 143 - - 38 - - - -
Class rank .24 .21 265 .28 .24 58 -0 .21 323 
MED 12 .46 1 .83 175 11 .94 2 .17 32 0 .31 207 
FED 12 .80 2 .49 178 14 .12 4 .04 33 -1 .94 211 
MOCC 19 .36 33 .18 300 19 .78 31 .08 71 -0 .01 371 
FOCC 63 .32 23 .70 295 58 .10 24, .99 71 0 .25 366 
MGPA 2 .64 0. .85 300 2 .44 0, .79 71 0 .26 371 
SCON 16, .57 4. .74 286 15, .57 4. .94 67 0, .23 353 
NSBK 18. .16 4. .98 286 17. .39 4, ,40 66 0. .17 352 
EXPR 17. ,01 3. ,75 286 15. .83 4, ,45 65 0. .38 351 
QUANT 17. ,53 5. 53 287 15. ,84 4. 94 66 0. ,34 353 
SSREAD 17. ,36 5. 92 286 16. ,13 5. 37 64 0. ,24 350 
NSREAD 18. 10 6. 28 287 16. ,57 5. 12 65 0. 27 352 
LIT 16. 79 5. 72 286 15. 80 5. 28 65 0. 19 351 
VOCAB 18. 02 4. 19 286 17. 30 4. 42 66 0. 23 352 
USES 18. 33 5. 18 286 16. 88 5. 45 65 0. 31 351 
200 
= 1 
.97, (P < . 05); 
^300 ^ 1.97, (P <.05) • 
Table B.5. Distribution of sample by math grade point average (MGPA) and teacher rating (TR) 
Teacher rating 
mppaB (low) (high) No 
MGPA 1,0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Total TR 
4.00 - - - - - - - 3 1 7 6 4 21 -
3.75 - - - - - - - 2 4 5 3 1 15 1 
3.50 - - - 1 - 1 1 4 6 6 2 6 27 3 
3.25 - - - - - 2 2 7 6 7 1 - 25 2 
3.00 - - 1 - 1 4 7 7 1 7 3 4 35 3 
2.75 - - - - 3 2 3 7 8 2 - 4 29 3 
2.50 - 1 - 4 3 7 3 4 1 3 - 2 28 3 
2.25 - - - - 3 7 1 5 1 1 1 1 20 3 
2.00 1 1 - 3 1 7 - 1 - 1 - - 15 -
1.75 - - 2 5 3 11 - 2 - - - - 23 2 
1.50 - 1 1 7 1 4 - - - - - - 14 2 
1.25 - 2 - 5 - 3 - 1 - - - - 11 1 
1.00 - 2 1 2 1 - - - - - - - 6 2 
0.75 - 1 1 1 1 - - - - - - - 4 1 
0.50 - - - - - - - - - - - - - -
0.25 - 1 - - - - - - - - - - - -
0.00 - - - - - - - - - - - - - -
W 
VO 
r = .722 Total 274 26 
*MGPA is average of four semester grades; two algebra grades and two geometry grades. 
140 
Table B.6. Distribution of sample by algebra grade point average (AGFA) 
and geometry grade point average (GGPA) 
GGPA^ 
AGFA* 
0.00 0.50 1.00 1,50 2.00 2.50 3.00 3.50 4.00 
4.00 1 1 1 4 8 5 21 
3.50 1 3 7 8 6 11 
3.00 2 9 8 24 12 16 
2.50 1 2 9 9 14 2 3 
2.00 3 6 10 11 9 9 6 4 
1.50 3 5 3 13 2 3 2 
1.00 1 4 4 7 1 
0.50 1 3 
0.00 1  1  
^Algebra GPA is average of two semester grades in algebra, 
bGeometry GPA is average of two semester grades in geometry. 
Table B.7. Interrater correlations of content ratings on PST^ 
Rater 
1 
2 34 
3 41 59 
4 26 37 51 
5 38 52 77 48 
6 58 43 40 22 17 
7 46 43 71 47 64 43 
8 49 30 44 30 30 50 49 
9 44 34 43 28 37 41 62 39 
10 32 20 48 57 41 35 54 48 35 
11 41 27 41 38 39 28 52 42 44 36 
12 39 40 55 42 54 33 61 47 39 46 31 
13 52 24 41 31 45 42 56 44 51 48 48 
14 53 50 44 36 35 43 45 35 56 33 27 
15 43 56 43 42 42 46 47 44 62 27 43 
16 35 46 43 47 50 10 30 21 17 23 27 
17 43 56 48 45 48 53 50 50 34 45 28 
r = 
.42 Coef.O# = .92 Scale; 0 to 3 
51 
46 33 
39 28 51 
36 14 31 
41 33 42 
1.48 1.14 
1.33 1.16 
0.60 0.96 
1.60 1.46 
0.70 1.12 
1.58 1.09 
1.55 0.67 
1.08 1.00 
2 . 0 0  0 . 6 1  
1.02 1.27 
1.95 0.81 
1.07 1.15 
0.88 1.25 
1.97 0.84 
2.23 0.77 
52 1.50 1.11 
53 16 1.20 1.22 
^Decimals omitted in correlation matrix. 
Table B.8. Description of content of PST by item^ (n = 17 raters) 
Concept 
1-Equa 2-Bus 3-Ant 4-Venn 5-Fox 
X S X S X S X S X S 
Arithmetic 1.88 0.93 1.88 0.86 1.41 0,94 1,82 1,02 0.35 0.49 
skills 
Algebraic 3.00 0.00 0.65 0.79 2.47 0,80 1,06 1.03 0.24 0.44 
skills 
Geometric 0.24 0.44 1.18 0.95 2,71 0.47 1,06 1,20 0.35 0,70 
skills 
Logical 1.24 1.09 2.35 0.49 2.35 0.86 2,71 0,47 2.77 0.44 
reasoning 
Verbal 0,65 0.79 1.24 0.97 1,18 0,95 1,71 0,85 1,59 0,21 
ability 
Nonverbal 1.29 1.11 1.53 1.13 1.94 1.20 1,81 1.17 1,53 1.38 
ability 
Spatial 0,29 0.47 1.24 1.03 2.65 0.49 0.82 1.07 0,77 0.97 
perception 
Flexibility 0.59 0.71 1.59 0.94 1,59 1.23 0.71 0,77 1,53 1.07 
Application 0.94 1.14 1.12 1.11 1,24 1.20 1.12 1,22 1,18 1.13 
Accuracy 2.29 1.05 1.12 1.05 1,65 1.06 1,88 1.17 0.88 1.11 
Persistence 1.06 1.20 1.53 1.01 0.88 1.11 0.94 0.90 1.94 1,09 
Trial and error 0.65 0.79 1.94 1.03 0,71 0,85 0,71 0.69 2.06 1,14 
^Rating scale; 3 - essential role 
2 - moderate role 
1 - incidental 
0 - does not appear. 
Table B.9. Interrater correlations on item difficulty of Problem Solving Test® 
Rater X S 
1 3.8 1.30 
2 -27 4.0 0.71 
3 18 -42 2.8 0.84 
4 26 -81 87 3.8 1.30 
5 -51 0 53 34 2.8 0.45 
6 51 0 13 09 25 3.4 0.89 
7 -50 0 64 41 53 -53 3.8 0.84 
8 47 29 -73 -63 -91 0 73 3.0 1.22 
9 -51 0 53 34 100 25 53 -91 3.8 0.45 
10 38 -35 90 77 56 56 30 -61 56 3.0 1.00 
11 -05 -85 29 64 -13 -53 29 -24 -13 0 3.8 0.84 
12 96 0 0 0 -56 56 -60 61 -56 25 -30 4.0 1.00 
13 76 0 50 32 09 77 -18 0 09 77 -41 77 3.2 1.30 
14 -13 -40 13 30 -38 -88 47 0 -38 -28 80 -28 -51 2.4 0.89 
15 87 0 29 18 -13 80 -43 24 -13 60 -43 90 96 -53 3.8 0.84 
16 -34 -79 13 51 25 -25 13 -46 25 0 80 -56 -51 38 -53 3.4 0.89 
17 14 -65 22 49 41 61 -33 -37 41 46 22 0 21 -41 22 61 3.4 0.55 
r = 
.08 Coef, alpha = .59 Scale: 1 to 5 
^Decimals omitted in correlation matrix. 
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Table B.IO. Raters estimation of item difficulty of PST 
1-Equa 2-Bus 3-Ant 4-Venn 5-Fox 
X 3.41 3.35 3.77 3.71 2,88 
S 0.94 1.00 1.09 0.77 0.86 
p 0.32 0.33 0 .25 0.26 0 .42 
(item diffi­
culty) 
p = .315 n = 17 judges 
Table B.ll. Correlations and reliability coefficient of the trial 
form of PST 
Problem X S P 
1 Sort 0 3.00 0.00 1.00 
2 Bus 0 — 2.46 0.80 0.82 
3 Ant 0 .24 — 1.68 0.78 0.56 
4 Rocket 0 .22 .13 — 0.27 0.88 0.09 
5 Fox 0 .04 -.01 .16 — 0.82 1.37 0.27 
6 Equa 0 .02 .13 -.10 .16 — 0.27 0.88 0.09 
7 Venn 0 .15 .09 -.07 .37 -.07 — 0.14 0.64 0.05 
Total 0 .47 .46 .15 .71 .48 .51 
0: no variance n = 22 T= 1. 82 rtt = 
Table B.12. Correlation and reliability coefficients of PST on 
total presample 
Problem 
number X S 
1 Equa — 1.02 1.75 
2 Bus .23 — 2.17 1.38 
3 Ant .46 .28 — 1.76 0.73 
4 Venn -24 .22 .15 — 0.70 1.86 
5 Fox .36 -.05 .38 .32 — 1.68 1.58 
Total .73 .50 .60 .69 .64 7.32 4.68 
n = 59 r = .516 
^tt = .809 Scale: 0 to 3 
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Table B.13. Algebra grades predicted by means of stepwise regression 
Variable Variable R 
QUANT 
MARITH 
SEX 
EPI-OP 
NSREAD 
VENN 
MFIG 
SDII-M 
SDII-G 
EPI-IW 
SDII-VAL 
VOCAL 
SDII-R 
SDII-EZ 
MNOSR 
SDII-A 
EQUA 
ANT 
FOX 
.40 
.30 
.10 
.14 
.35 
.15 
.22 
.12 
.06 
.01 
.13 
.05 
.17 
.02 
.25 
.04 
.24 
.02 
.15 
.16 
.19 
.21  
.23 
.25 
.26 
.27 
.29 
.30 
.31 
.32 
.32 
.33 
.33 
.33 
.34 
.34. 
.35 
.35 
NSBK 
VOCAB 
MPFB 
MED 
USES 
BUS 
FOCC 
EXPR 
MOCC 
SCON 
SDII-MOT 
INSTR 
SSREAD 
FED 
MGENFO 
EPI-INC 
.26 
.22 
.09 
. 0 1  
.34 
.14 
-. 06 
.32 
-.04 
.25 
- . 0 1  
.04 
.32 
.03 
.17 
.03 
.35 
.35 
.35 
.35 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
Variables not entered 
IQ 
MVOC 
BUS 
LIT 
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Table B.14, Geometry grades predicted by means of stepwise regression 
Variable r Variable r 
IQ .57 .33 EPI-IW .12 .56 
EXPR .53 .38 SDII-VAL .11 .56 
MARITH .40 .43 LIT .52 .56 
NSREAD .52 .45 VOCAB .40 .57 
EPI-OP .13 .46 MOCC -.02 .57 
BUS .20 .48 SDII-A .02 .57 
USES .52 .49 EQUA .33 .57 
SDII-MOT .06 .49 VENN .11 .57 
SCON .43 .50 MED .11 .58 
QUANT .56 .51 INSTR .10 .58 
SDII-EZ .03 .51 MGENFO .33 .58 
SDII-M .08 .52 NSBK .40 .58 
SDII-G .14 .53 VOCAL .16 .58 
MFIG .28 .53 FOX .22 .58 
SSREAD .53 .53 MPFB .15 .58 
EPI-INC .00 .54 SDII-R .10 .58 
SEX .08 .55 FOCC -.02 .58 
FED .14 .55 MVOC .34 .58 
MNOSR .34 .56 ANT .15 .58 
147 
Table B.15. Mathematics grades predicted by means of stepwise regression 
Variable Variable R 
QUANT 
MA.RITH 
USES 
EPI-OP 
NSREAD 
SEX 
MFIG 
SDII-M 
SDII-EZ 
VENN 
MNOSR 
EPI-IW 
SDII-A 
EQUA 
FED 
SDII-MOT 
FOX 
EPI-INC 
NSBK 
.54 
.39 
.48 
.15 
.49 
.10 
.28 
.11 
.03 
.14 
.33 
.07 
.03 
.32 
.10 
.03 
. 21  
.02 
.37 
.29 
.34 
.38 
.40 
.42 
.44 
.45 
.46 
.47 
.48 
.49 
.50 
.50 
.51 
.51 
.51 
.51 
.52 
.52 
SDII-VAL 
SSREAD 
MOCC 
SCON 
IQ 
VOCAB 
MPFB 
BUS 
VOCAL 
LIT 
INSTR 
SDII-R 
SDII-G 
ANT 
FOCC 
MGENFO 
.13 
.47 
-.04 
.38 
.51 
.35 
.13 
.19 
.12 
.46 
.08 
.15 
.04 
.10 
-.04 
.28 
.52 
.52 
.52 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.54 
.54 
.54 
Variables not entered 
MED —— 
EXPR 
MVOC 
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Table B.16. Teacher Rating predicted by means of stepwise regression 
Variable R Variable 
QUANT 
MARITH 
LIT 
BUS 
EPI-OP 
EQUA 
IQ 
SEX 
VENN 
FED 
ANT 
FOX 
NSREAD 
NSBK 
SDII-A 
MPFB 
FOCC 
VOCAB 
EPI-INC 
.50 
.45 
.46 
.25 
.11 
.38 
.50 
.47 
.18 
.14 
.22 
.24 
.44 
.30 
.04 
.13 
.05 
.34 
.02 
.25 
.34 
.38 
.40 
.42 
.43 
.44 
.45 
.46 
.46 
.47 
.47 
.47 
.48 
.48 
.49 
.49 
.49 
.49 
EPI-IW 
MVOC 
SSREAD 
MNOSR 
INSTR 
VOCAL 
MGENFO 
MED 
MFIG 
SCON 
EXPR 
. 1 1  
.30 
.43 
.30 
.08 
.13 
.29 
.10 
.17 
.37 
.46 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
Variables not entered 
USES 
MOCC 
SDII-G -T 
SDII-M 
SDII-R 
SDII-EZ — 
SDII-MOT 
SDII-VAL 
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Table B.17. Semantic differential interest inventory* 
1 2 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
pleasant 
good 
active 
valuable 
« strong 
-w love 
« fast 
m comfortable 
w nice 
3 enjoyable 
varied 
soft 
unafraid 
light 
secure 
pleasant 
good 
active 
valuable 
strong 
c fast 
•u confortable 
• nice 
enjoyable 
varied 
•oft 
unafraid 
light 
secure 
pleasant 
good 
active 
valuable 
strong 
love 
S fast 
• comfortable 
"nice 
enjoyable 
varied 
soft 
unafraid 
light 
secure 
pleasant 
good 
active 
valuable 
strong 
love 
b'fast 
«comfortable 
5 nice 
oenjoyable 
varied 
soft 
unafraid 
66 
59 47 -
40 53 39 
55 61 45 48 • 
70 54 50 35 54 -
61 55 46 25 54 59 
75 62 53 43 53 68 
77 61 53 48 54 72 
80 61 56 45 54 71 
27 24 29 23 16 19 
46 39 30 20 27 33 
39 28 29 07 26 35 
39 26 27 07 19 29 
56 50 41 31 51 55 
67 
64 80 -
64 79 81 
19 24 32 
41 49 44 
38 41 44 
34 36 34 
61 68 61 
07 09 
08 19 
04 05 
04 12 
-05 -02 
08 13 
01 -01 
04 11 
03 12 
06 16 
0! 10 
-09 -06 
-09 -02 
-01 06 
-01 04 
07 20 
09 22 
12 08 
08 28 
01 
11 
12 
17 
11 09 
12 18 
08 16 
06 2S 
06 12 
-06 05 
05 08 
02 06 
08 21 
13 08 
21 15 
08 09 
17 14 
08 02 
15 20 
05 04 
14 12 
16 13 
17 13 
13 14 
-04 02 
-00 03 
12 00 
12 14 
14 
15 
10 
06 08 
10 13 
03 04 
07 11 15 
02 OO 06 
13 14 14 
09 07 07 
19 11 14 
08 07 12 
05 11 16 
09 18 10 
-03 -04 -02 
-07 -06 02 
02 03 -01 
02 09 09 
27 
49 
37 
34 
62 
11 
08 
12 
07 
71 55 53 
63 56 54 
48 43 61 
51 53 40 
47 48 41 
64 49 53 
53 53 41 
65 55 48 
72 57 52 
70 57 51 
33 27 29 
44 32 30 
45 36 31 
37 24 21 
58 42 40 
57 41 41 
58 53 43 
39 40 46 
35 47 32 
44 41 34 
15 43 40 
44 45 34 
56 45 40 
57 42 40 
55 40 39 
22 22 22 
30 19 16 
36 31 20 
29 51 62 
33 54 58 
30 39 42 
50 47 42 
25 53 45 
33 48 68 
23 45 43 
30 49 56 
35 32 65 
35 54 62 
20 20 25 
11 32 35 
21 38 41 
05 24 28 
24 44 51 
22 36 53 
27 45 53 
26 31 40 
36 34 35 
15 40 43 
23 39 60 
17 39 40 
22 38 49 
21 35 55 
22 36 51 
09 25 24 
03 18 27 
12 24 .26 
62 66 
61 62 
43 44 
39 45 
56 51 
55 61 
69 55 
60 65 
62 68 
62 64 
28 30 
40 43 
46 51 
33 36 
56 60 
67 72 
59 63 
41 46 
44 47 
48 49 
65 67 
49 53 
67 67 
72 70 
66 72 
34 31 
40 42 
50 49 
33 34 
57 60 
49 59 
57 60 61 58 
38 37 39 39 
36 37 
47 46 42 42 
52 58 60 55 
59 45 45 46 
60 60 
48 56 60 58 
51 56 59 58 
26 23 22 20 
30 37 
36 41 
16 37 -
19 44 31 -
17 45 48 39 -
'-Nil -07 -07 03 05 -
10 -05 00 04 07 71 -
16 -08 00 04 01 43 40 -
15 -13 -01 -03 10 61 65 33 -
-0: -07 -06 02 -02 67 59 45 48 -
05 -03 00 04 08 64 66 42 50 56 - '  
02 -09 06 05 09 56 50 35 46 63 54 -
04 -02 03 02 08 76 70 43 54 64 68 58 
10 -09 -03 06 03 73 81 50 59 61 7fr 53 
i2 -07 -04 -05 00 77 69 37 59 57 63 50 
12 -07 03 00 13 41 47 67 31 31 38 34 
04 01 -06 01 -02 50 47 31 35 51 52 49 
05 -11 02 -03 00 39 34 21 25 48 41 33 
05 04 03 16 01 24 28 12 15 24 28 20 
14 -05 -03 02 07 64 59 37 50 62 61 59 
25 40 37 33 60 05 07 -01 02 -08 07 03 
29 36 32 28 55 -05 03 -01 00 -16 04 -01 
21 22 26 23 41 01 05 03 05 -01 01 05 
21 23 12 14 39 08 11 01 13 -05 06 -04 
17 29 22 20 51 01 05 -01 -00 -02 00 02 
25 32 36 29 54 00 05 04 05 -06 07 03 
20 37 29 30 50 -09 -03 -06 -07 -08 -02 -00 
24 41 40 36 62 02 05 -05 00 -11 03 02 
31 42 37 33 58 02 04 -02 02 -11 03 -03 
26 41 33 32 55 01 01 03 -00 -12 04 -02 
57 18 15 22 24 09 05 08 07 -05 03 00 
17 49 37 39 42 -10 -13 -08 -18 -13 -08 -02 
07 36 52 26 52 -08 -01 -04 -03 -13 01 01 
16 37 35 50 36 -13 -11 -07 -15 -17 -07 -13 
19 35 40 27 64 -04 05 -03 -03 -04 04 04 
14 38 40 28 47 04 03 01 08 01 08 01 
15 36 34 29 50 06 11 02 08 -05 09 -03 
09 22 22 26 39 11 12 07 15 01 14 05 
13 18 16 15 34 25 24 13 30 08 25 14 
04 29 38 19 45 00 04 -02 01 03 03 06 
15 31 36 26 46 09 09 05 12 01 16 04 
10 29 31 24 47 02 04 -07 05 03 02 12 
11 40 44 34 53 04 07 03 06 -01 10 06 
20 36 38 34 46 08 06 01 06 -01 09 02 
17 37 39 32 49 06 05 02 07 -02 06 04 
35 16 10 13 25 08 05 17 05 -06 02 02 
03 43 27 31 30 -02 -08 -02 -OS -01 03 -04 
19 24 SO 29 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 
71 -
'*3 40 -
61 65 33 -
67 59 45 48 -
64 66 42 50 56 
SO 35 46 63 54 -
70 43 54 64 68 58 -
81 50 59 61 7fr 53 71 -
69 37 59 57 63 50 69 67 -
47 67 31 31 38 34 43 47 40 -
47 31 35 51 52 49 52 49 48 35 -
34 21 25 48 41 33 42 32 33 24 43 -
28 12 15 24 28 20 30 29 28 20 38 26 -
59 37 50 62 61 59 64 62 61 49 56 51 30 -
07 -01 02 -08 07 03 02 01 03 08 -10 -11 -03 -02 -
03 -01 00 -16 04 -01 -04 -02 -02 14 -13 -13 -03 01 08 -
05 03 05 -01 01 05 02 05 -06 06 -12 -09 -08 01 63 56 -
11 01 13 -05 06 -04 04 02 09 12 -06 -07 -05 08 58 61 46 -
05 -01 -00 -02 00 02 -03 01 -02 16 -05 -12 00 04 65 62 48 45 -
05 04 05 -06 07 03 -02 -02 -00 06 -06 -05 -09 01 83 75 60 63 60 -
-03 -06 -07 -08 -02 -00 -08 -06 -08 04 -19 -17 -08 -11 68 67 54 52 61 61 -
05 -05 00 -11 03 02 01 -00 00 07 -09 -12 -06 -06 85 74 54 52 62 75 66 -
04 -02 02 -11 03 -03 -01 01 -01 08 -11 -11 -03 -01 88 78 60 61 67 82 70 82 -
01 03 -00 -12 04 -02 -02 -03 -01 05 -09 -11 00 01 88 80 60 60 65 83 68 77 85 
05 08 07 -05 03 00 05 09 06 03 -07 01 03 10 36 35 29 37 27 34 29 35 41 
-13 -08 -18 -13 -08 -02 -09 -15 -13 -04 -05 -13 01 -11 57 50 31 33 39 53 50 59 55 
-01 -04 -03 -13 01 01 -07 -09 -03 07 -00 01 -04 -04 58 54 31 38 42 59 50 61 56 
-11 -07 -15 -17 -07 -13 -17 -08 -15 -06 -13 -19 01 -16 46 39 26 20 32 44 42 47 45 
05 -03 -03 -04 04 04 -03 -06 -06 09 -05 -04 -03 03 76 72 54 53 61 75 75 75 
03 01 08 01 08 01 08 03 01 07 -09 -06 04 -03 5/ 45 38 30 40 51 
/ 
43 54 59 
11 02 08 -05 09 -03 07 07 03 10 -13 -09 04 -02 62 56 43 42 48 55 53 58 65 
12 07 1& 01 14 05 10 13 03 10 -08 -05 01 -02 47 35 49 30 43 42 37 43 47 
24 13 30 08 25 14 25 19 22 24 02 03 04 15 42 41 36 58 37 41 38 37 44 
04 -02 01 03 03 06 09 01 -02 06 -13 -07 03 -06 44 33 31 19 47 36 47 43 44 
09 05 12 01 16 04 13 06 05 11 -11 -01 -02 -02 57 46 36 32 38 59 46 54 60 
04 -07 05 03 02 12 07 02 00 11 -07 -02 -06 -03 53 45 38 28 45 43 62 53 53 
07 03 06 -01 10 06 08 06 -01 06 -10 -04 04 -03 61 48 36 27 41 49 51 59 60 
06 01 06 -01 09 02 08 07 01 08 -07 -06 01 -02 59 48 39 33 39 54 44 55 62 
05 02 07 -02 06 04 10 02 03 07 -10 -06 02 -05 61 52 39 35 36 54 48 60 63 
05 17 05 -06 02 02 02 06 02 11 -01 -03 08 02 27 27 22 19 23 26 24 22 29 
-08 -02 -08 -01 03 -04 -02 -04 -07 02 -02 -05 09 -05 29 19 12 10 16 26 27 29 30 
39 
18 31 
19 36 
11 20 
20 18 
09 29 
19 32 
14 35 
16 39 
20 37 
19 35 
40 17 
06 44 
39 22 
42 25 
26 14 
27 10 
30 21 
39 26 
35 22 
44 31 
37 27 
41 23 
14 10 
27 37 
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
66 -
70 82 -
68 77 85 -
29 35 41 39 -
50 59 55 57 23 -
50 61 56 56 18 44 -
42 47 45 43 25 62 39 -
Jlà 75 75 72 29 54 59 41 -
43 54 59 51 18 31 39 22 45 
53 58 65 59 19 36 42 25 53 
37 43 47 42 11 20 26 14 35 
38 37 44 39 20 IS 27 10 35 
47 43 44 39 09 29 30 21 39 
46 54 60 52 19 32 39 26 46 
62 53 53 46 14 35 35 22 46 
51 59 60 54 16 39 44 31 48 
44 55 62 51 20 37 37 27 45 
48 60 63 55 19 35 41 23 50 
24 22 29 27 40 17 14 10 21 
27 29 30 25 06 44 27 37 23 
59 « 
57 52 -
69 50 42 -
79 55 54 66 -
70 49 46 68 66 -
79 55 48 72 77 73 -
77 62 53 62 80 66 80 -
77 53 53 59 79 69 79 77 -
31 27 28 16 27 23 21 26 26 
51 25 22 43 52 46 56 52 50 14 
79 
59 
47 
63 
79 
67 
80 
84 
82 
29 
51 
iCAi 
pleasant 
good 66 
active 59 47 
valuable AO S3 39 
m Strong 55 61 65 48 
^ love 70 54 50 35 54 
a fast 61 55 46 25 54 59 -
« comfortable 75 62 53 43 53 68 67 
5 nice 77 61 53 48 54 72 64 80 -
5 enjoyable 80 61 56 45 54 71 64 79 81 
varied 27 24 29 23 16 19 19 24 32 27 
soft 46 39 30 20 27 33 41 49 44 49 08 
unafraid 39 28 29 07 26 35 38 41 44 37 16 37 
light 39 26 2 7 07 19 2 9 34 36 34 34 19 44 31 
secure 56 50 41 31 51 55 61 68 61 62 17 45 48 39 
pleasant 07 09 07 20 13 08 06 08 14 09 11 -07 -07 03 05 
good 08 19 09 22 21 15 10 13 15 13 10 -05 00 04 07 71 
active 04 05 12 08 08 09 03 04 10 08 16 -08 00 04 01 43 40 
valuable 04 12 08 28 17 14 07 11 15 11 15 -13 -01 -03 10 61 65 33 -
strong -05 -02 01 12 08 02 02 00 06 05 -02 -07 -06 02 -02 67 59 45 48 
ofllwe 08 13 11 17 15 20 13 14 14 13 05 -03 00 04 08 64 66 42 50 56 -
= 01 -01 11 09 05 04 09 07 07 07 02 -09 06 05 09 56 50 35 46 63 54 -
^comfortable 04 11 12 18 14 12 19 11 14 13 04 -02 03 02 08 76 70 4 3 54 64 68 58 
• "Ice 03 12 08 16 16 13 08 07 12 04 10 -09 -03 06 03 73 81 50 59 61 76 53 71 
enjoyable 06 16 06 28 17 13 05 11 16 12 12 -07 -04 -05 00 77 69 37 59 57 63 50 69 67 
varied 01 10 06 12 13 14 09 18 10 07 12 -07 03 00 13 41 47 67 31 31 38 34 43 67 
•oft -09 -06 -06 05 -04 02 -03 -04 -02 -03 04 01 -06 01 3? 50 47 31 35 51 52 45 52 4? 
unafraid -09 -02 -05 08 -00 03 -07 -06 02 -01 05 -11 02 -03 00 39 34 21 25 48 41 33 42 32 
light -01 06 02 06 12 00 02 03 -01 -01 05 04 03 16 01 26 28 12 15 24 28 20 30 29 
secure -01 04 08 21 12 14 02 09 09 07 14 -05 -03 02 07 64 59 37 50 62 61 59 66 62 
pleasant 71 55 53 29 51 62 62 66 67 72 2 5 6 0 37 33 60 05 07 -01 02 -08 07 03 02 01 
good 63 56 54 33 54 58 61 62 59 63 29 26 32 28 55 -05 03 -01 00 -16 06 -01 -06 -02 
active 68 6 3 61 30 39 62 63 66 61 66 21 22 26 23 61 01 05 03 05 -01 01 05 02 05 
valuable 51 53 60 50 67 62 39 65 66 67 21 23 12 16 39 08 11 01 13 -05 06 -04 06 02 
strong 67 68 41 25 53 45 56 51 48 49 17 29 22 20 51 01 05 -01 -00 -02 00 02 -03 01 
^ love 64 49 53 33 48 68 55 61 65 67 2 5 32 36 29 54 00 05 06 05 -06 07 03 -02 -02 
A 
m 
M 
53 53 41 23 4 5 4 3 69 55 69 53 20 37 29 30 50 -05 -03 -06 -07 -08 -02 -00 -08 -06 
comfortable 65 55 48 30 49 56 60 65 67 67 24 61 40 36 62 02 05 -05 00 -11 03 02 01 -00 
-nice 72 57 52 35 52 65 62 68 72 70 31 42 37 33 58 02 04 -02 02 -11 03 -03 -01 01 
enjoyable 70 57 51 35 54 62 62 64 66 72 26 4 1 33 32 55 01 01 03 -00 -12 04 -02 -02 -03 
varied 33 27 29 20 20 25 28 30 34 31 57 18 15 22 24 09 05 08 07 -05 03 00 05 09 
•oft 44 32 30 11 32 35 40 43 40 42 17 69 37 39 62 -10 -13 -08 -18 -13 -08 -02 -09 -15 
unafraid 65 36 31 21 38 61 66 51 50 69 07 36 52 26 52 -08 -01 -06 -03 -13 01 01 -07 -09 
light 37 26 21 05 24 28 33 36 33 34 16 37 35 50 36 -13 -11 -07 -15 -17 -07 -13 -17 -08 
secure 58 42 40 24 44 51 56 60 57 60 19 35 40 27 64 -04 05 -03 -03 -04 04 04 -03 -06 
pleasant 57 41 41 22 36 53 49 59 61 57 14 38 40 28 47 04 03 01 08 01 08 01 08 03 
good 58 53 43 2 7 4 5 53 57 60 61 58 15 36 36 29 50 06 11 02 08 -05 09 -03 07 07 
active 39 60 46 26 31 40 38 37 39 39 09 22 22 26 39 11 12 07 15 01 14 05 10 13 
valuable 35 47 32 36 34 35 36 37 37 34 13 18 16 15 34 25 24 13 30 08 25 14 25 19 
strong 44 41 34 15 40 43 47 46 42 42 04 29 38 19 45 00 04 -02 01 03 03 06 09 01 
^love 15 43 40 23 39 60 52 58 60 55 15 31 3S 26 46 09 09 05 12 01 16 04 13 06 
44 45 34 17 39 40 59 45 45 46 10 29 31 24 47 02 04 -07 05 03 02 12 07 02 
• comfortable 56 45 40 22 38 49 54 59 60 60 11 40 46 36 53 06 07 03 06 -01 10 06 08 06 
57 62 60 21 35 55 48 56 60 58 20 36 38 34 46 08 06 01 06 -01 09 02 08 07 
Oenjoyable 55 40 39 22 36 51 51 56 59 58 17 37 39 32 49 06 05 02 07 -02 06 04 10 02 
varied 22 22 22 09 25 24 26 23 22 20 35 16 10 13 25 08 05 17 05 -06 02 02 02 06 
soft 30 19 16 03 18 27 30 37 31 36 03 43 27 31 30 -02 -08 -02 -08 -01 03 -04 -02 -06 
unafraid 36 31 20 12 24 26 36 41 42 37 19 24 50 29 41 04 03 05 05 -03 07 00 05 01 
light 28 18 12 09 15 21 19 30 25 27 08 25 20 36 24 03 01 -06 -06 02 05 06 02 05 
secure 51 41 34 20 39 49 52 55 56 54 08 32 47 31 57 06 06 02 09 01 05 04 02 05 
"Decimal# omitted. i 
ss ?S 
OS O O P  0> 00 ^ 
02 00 09 
ro I-* o p V) »-* (r\ ? » - « o ^ o o o o ô  W O O O s O i - > r O N > s O  
00 01 08 01 05 05 
ÎÏ ïi ^1 
77 4
1 73 76 VI Qs OS ON IS SI £ 
71 43 
§2 
-
08 
03 O 
v% 
07 06 05 
? S ?  W o N M' W S 
I I I  1  
^ o ^ o o p o o  h- M« W VI fS \/1 W 
05 05 11 05 07 03 59 28 
5fî SI 
69 47 00 7
0 VI ^ VI O ^ so 
65 
o 1 
-
06 
02 -
02 
05 03 01 02 -
07 
-
02 
05 01 02 07 13 -
03 
I I I  I I I  
O P O O O O O P  
~ ^ ^ O O Q O W W V » ^  ? 
I 1 1 
O O O O o #— w M# w N> K> V] 
37 67 50 45 42 35 43 33 
• 
60
 
90
- -0
8 
05 05 
o o o 
»j oi a* 
05 01 12 08 08 15 30 -
03 
-
07 
00 02 -
00 
07 -
18 
-
03 
-
15 
05 
P •- o  
o w v% 
02 00 50 
VI 
25 35 59 31 59 
y ^ VI ^ (TV O 00 1 
02 01 -
01 
-
03 
90
- I I I  1  
o o o o o o o o o o  N h - h - ' W t - ' W O O f - ' m » - '  
1 
g 
1 1 I 1 1 1 1 1 
* w » w » w p ^ w M ' » w p  
^ W W V 1 N ) ^ - * ^ 0 0  90
-
ZO
' 
50
-
10
-
91
-
80
- 62 24 
00 v$ 
57 31 61 
W Ov 1 
05 05 03 07 
S  » S 5  
02 03 16 
» r  o Ô  Vs \0 00 g 
1 1 1 
o o o o p o o o  
^ w O O W ^ W W W  8 00
 
50
 
10
 
gs 2 
28 
K: Si 
68 
gg §? S  VO
 
zo
 
90
 
w ? S  
01 -
03 
05 14 
g 
1 1 • 1 1 
e ^ o o p o o o p  W M ' W O W W W O  s s è s  lo
­
co
 
% 
20 
w 
w 5: 5 f î S  VI w % , 
02 02 08 08 10 02 -
02 
05 
3  
09 13 08 07 10 25 I 1 1 1 II I 
o ^ o o o o o o p  
s s g s  gs 
30 42 32 69 43 SI 
1 
05 05 
29 
06 06 07 02 
S  S2 
03 07 13 19 
90
-
s s c ; s s 2 s s  
05 02 01 -
02 
01 -
02 
62 29 
K  <r 1 
I I I 
o o o o o o o o o o o i ^ o o o  
QQ00i-'00Q>^»-'0Ni»-*H-0 
I I I I • I I I I • I _ i • I 00»-*00^^0>-^0^t^00H««0 
roN>oN>>-*o^o*^»-*u)rooou)\o 
I I  I  I  I  I  I  I  I  I  I I I  
o o p o o o o p o o o o o o o  
o o o o o o o p o o o p o o p  
I I  I I  I  I  I  •  I I *  O O O O O O O O O O O t - ^ O O O  
^^«uu«rs>uitou>u>N>a^viroK>w 
W"^ ^ro«*4N>*^ 
(y\»-'Opso~uhJOoooLno^WM*L/)0\Ln 
W » - ^ W M « W W W W W W W W ^ f ~ W  
w~u».wwhj\0\00^00^»-^0»\0w(x> 
OVi~^O\OLnW^00N)\O00ON)O 
^f-'0(rwc*^i-'vioo~j~^wooo 
f^wwwwviv%f*f~Lnwf»f»v*Ln 00K>»-'«O«O\^^^AC0vOOx^N>Ui»^ 
f*WWWK)4>f^V%0»f*f*WWLnf~ 
*»JO\Ln'vJ^OO^H-*rO<9s*sJOO'>sJU>U> 
VINf*NNO»l/#LnUiV%f^Wf^LnUi 
u>o\^sx>roovi^cj^u>*sju»oo^ 
vitowwhJ(ro>G\Lnor»f~f~f~o>Ln 
o*f*soo^whjowo^^*»ju*^ 
^K)WWNV*l/»V*f~LnwWf»U»V% OOWNV#^V1»-*^^W%OM>WSO^ 
W W N ) f * ^ ^ W W W W W N » H ^ N W W  fo«sj«^^-»jcn*^vovnhJ^ooo^^ 
f*W^N^f*Wf^WWWhJK)$"W 
ô 1^ o 
^ Ln w 
1 
«9gs 
w $ k k  sg " ô o N» W 2288 
ô i o 
v% w O 
?S2 
S2? 
ô ô 
vn 
I 
I— o 
w ^  
o o 
w 
O ^  P 
w ^ 
OD 
JL • i • • • • • I I P^ Ô M # p Ô p M * » w ^ w  
I I I I I I I I I I 
# w # w , . « ^ Q # w p Ô » w # w  
1 - 1 • 
w w 
I I I  I  
o o p ^ o p o o o o  H-t— <7*»— 
^v/iutu)OOQooo<rooo^uio^o 
<y\^oo*uG\OoooLnoowv%oowoo # 
'^WViV)W00~»l~^<T"sjO\O\ 
rovo^ouiooo^vjuiro»^ » .  
t»a^K-H-*x>oo o 00 I 
v%wwwwch0^v%v*<y»^ 
WOOOW^O#-»WNWLn I 
r^rorovo^vf'^ro^^o i 
"sjf~LnLnwOOOO^^ 
0^  4^  Ul LA N (h ^  ^ 
^ W O O ^ D O O O m  I  
vj f» 0» V% W 00 Ln "sj I— VI hJ I 
vj ^ en VI ^ 00 
V> VI VI •— V* I 
V* V* w l\) w I 
ro K> r-« ro 
vO vt 00 U> I 
V* w 
so so I 
o» N> 
H- 00 
^ M 
so O 
V) w 
 ^00 
w f* 
w 0> 
w u> 
V* 
W I 
§ s s s s g g s ® ^  
V» K> 
<Tv 
w 
O I 
X* fO *•* 
82 
77 
35 
59 
61 
47 
75 
54 
58 
43 
37 
43 
54 
53 
59 
55 
60 
22 
29 
41 
26 
53 
85 -
41 39 -
55 57 23 -
56 56 18 44 -
45 43 25 62 39 -
75 72 29 54 59 41 -
59 51 18 31 39 22 45 -
65 59 19 36 42 25 53 79 -
47 42 11 20 26 14 35 59 59 -
44 39 20 18 27 10 35 47 57 52 
44 39 09 29 30 21 39 63 69 50 
60 52 19 32 39 26 46 79 79 55 
53 46 14 35 35 22 46 67 70 49 
60 54 16 39 44 31 48 80 79 55 
62 51 20 37 37 27 45 84 77 62 
63 55 19 35 41 23 50 82 77 53 
29 27 40 17 14 10 21 29 31 27 
30 25 06 44 27 37 23 51 51 25 
39 32 16 25 47 29 37 59 55 43 
24 23 09 37 20 44 24 33 41 18 
56 48 17 32 46 26 50 73 74 53 
66 -
68 66 -
72 77 73 -
62 80 66 80 -
59 79 69 79 77 -
16 27 23 21 26 26 -
43 52 46 56 52 50 14 -
54 55 50 65 58 55 13 40 -
34 39 38 43 38 39 13 60 33 -
70 73 72 79 70 75 24 53 67 40 
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28 
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17 
46 
150 
Table B.18. Correlation matrix of dependent and independent variables^ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
1 ALl -
2 AL2 79 -
3 GEl 53 57 -
4 GE2 53 57 82 — 
5 TR 48 55 66 67 -
6 QUANT 38 37 54 53 50 -
7 MVOC 20 18 35 31 30 42 -
8 MGENFO 12 20 31 32 29 38 49 -
9 MARITH 27 30 34 42 45 35 11 20 -
10 MNOSR 23 24 31 34 30 35 18 22 34 -
11 MFIG 23 18 25 28 17 24 23 21 20 28 -
12 MPFB 10 07 15 13 13 28 16 14 20 16 20 -
13 SEX 09 11 11 06 07 -14 04 -11 -08 -21 -10 -21 -
14 IQ 34 32 57 53 50 69 53 44 35 38 35 29 -11 -
15 SCON 22 25 46 37 37 62 56 49 17 23 22 14 -15 66 -
16 NSPK 23 27 42 34 30 59 49 39 13 21 22 18 -25 56 76 -
17 EXPR 30 31 54 47 56 61 47 31 25 21 17 09 25 59 60 47 -
18 SSREAD 29 31 52 48 43 59 54 41 23 22 15 10 01 61 75 63 67 -
19 NSREAD 31 36 52 48 44 67 52 40 16 23 23 21 -01 61 74 73 66 80 -
20 LIT 26 31 52 48 46 61 52 38 19 21 15 06 12 61 74 63 80 75 73 
21 VOCAB 17 23 43 35 34 55 63 47 14 15 19 11 -07 64 80 70 63 71 69 
22 USES 32 32 54 47 41 56 51 41 22 22 19 10 14 60 68 57 69 69 66 
23 MED 01 01 10 11 10 07 16 07 06 08 -04 02 -05 14 17 16 06 16 16 
24 FED 02 03 12 16 14 09 14 10 -04 06 -07 07 01 18 12 15 10 14 17 
25 MOCC -04 -04 -03 -02 04 05 07 -02 -03 -06 06 -02 -05 06 01 -05 01 03 00 -
26 FOGG -06 -06 -01 -02 -05 -07 -05 -03 04 07 -05 00 03 -04 -07 01 -02 -07 -03 -
27 INSTR 04 03 10 09 08 08 04 06 06 09 10 06 06 11 07 04 10 06 10 
28 VOCAL 06 04 17 14 13 19 08 13 15 06 08 07 15 12 10 04 19 14 11 
29 EQUA 22 24 30 34 38 35 21 23 27 27 17 16 -04 34 31 25 29 31 29 
30 BUS 12 14 19 19 25 16 17 16 06 20 08 10 07 19 15 19 13 18 16 
31 ANT -03 06 14 14 22 17 16 24 15 18 10 08 -07 25 23 27 19 22 19 
32 VENN 16 13 09 12 18 07 08 10 13 04 -01 10 02 11 03 06 03 07 04 
33 FOX 13 15 23 19 24 22 16 15 09 13 22 16 02 31 22 19 16 19 19 
34 EPI-IW -03 04 13 10 11 23 27 31 05 15 48 12 -20 26 35 38 16 25 26 
35 EPI-OP 11 15 11 13 11 -03 -11 -08 04 00 03 13 09 06 10 -16 02 -09 -08 " 
36 EPI-INC 05 00 03 -02 02 14 13 08 -03 -05 01 05 01 17 20 16 11 16 12 
37 SDII-A 08 00 02 01 04 -07 -05 01 04 -08 -00 -03 02 02 -04 -04 04 03 -02 -
38 SDII-G -07 -06 13 14 08 11 05 06 02 -01 03 -00 -06 10 13 15 10 11 15 
39 SDII-M 11 12 10 05 09 02 04 00 -07 10 -10 07 16 05 -01 00 13 02 05 
40 SDII-R 16 17 09 11 08 12 03 11 08 02 06 03 09 14 12 18 12 13 14 1 
41 SDII-EZ 03 01 06 -00 11 -11 08 02 -08 13 03 14 -01 11 14 12 19 13 
42 SDII-MOT 01 -03 06 06 -04 03 03 07 07 11 11 06 -09 04 07 01 -06 03 02 -ffl 
43 SDII-VAL 15 09 12 09 03 -00 13 04 03 -03 05 00 11 03 04 07 07 05 07 1 
decimals omitted. 
dent variables* 
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
-21 
29 -11 -
14 -15 66 -
18 -25 56 76 -
09 25 59 60 47 -
10 01 61 75 63 67 -
21 -01 61 74 73 66 80 -
06 12 61 74 63 80 75 73 -
11 -07 64 80 70 63 71 69 77 -
10 14 60 68 57 69 69 66 70 67 -
02 -05 14 17 16 06 16 16 08 14 14 -
07 01 18 12 15 10 14 17 10 15 09 40 -
-02 -05 06 01 -05 01 03 00 -01 -02 -01 25 05 -
00 03 -04 -07 01 -02 -07 -03 -02 -05 -02 10 22 09 -
06 06 11 07 04 10 06 10 13 07 10 07 14 04 07 -
07 15 12 10 04 19 14 11 21 14 18 -01 -04 05 04 25 -
16 -04 34 31 25 29 31 29 32 24 31 03 01 09 -11 -01 11 -
10 07 19 15 19 13 18 16 19 14 18 -02 17 03 -03 10 01 20 -
08 -07 25 23 27 19 22 19 23 23 17 02 05 -04 03 03 02 16 21 -
10 02 11 03 06 03 07 04 02 02 02 03 03 04 -02 04 03 16 12 10 -
16 02 31 22 19 16 19 19 24 19 20 06 -03 02 -10 -02 19 18 13 15 08 -
12 -20 26 35 38 16 25 26 21 32 23 07 06 -03 02 05 -01 20 04 18 06 12 -
13 09 06 10 -16 02 -09 -08 -04 -13 -06 -07 -04 01 01 01 03 00 -16 -25 -04 -01 -03 -
05 01 17 20 16 11 16 12 15 19 11 03 07 -07 -10 -05 12 -02 00 04 02 07 -18 -06 -
-03 02 02 -04 -04 04 03 -02 -01 -01 03 06 -03 12 03 02 -03 -08 -01 -18 -02 01 09 10 -12 
-00 -06 10 13 15 10 11 15 13 12 05 00 03 12 -01 04 -01 03 11 09 02 08 -03 -03 12 
07 16 05 -01 00 13 02 05 05 02 07 -04 03 -02 -05 -01 10 06 03 11 01 -00 -00 -06 03 
03 09 14 12 18 12 13 14 16 14 16 03 08 -04 03 15 14 03 01 01 03 01 05 -08 -03 
14 -01 11 14 12 19 13 17 14 09 10 01 01 18 -01 -02 11 09 02 08 04 -07 01 -05 09 
06 -09 04 07 01 -06 03 02 -06 -01 -04 -00 01 -00 -04 06 -07 -00 -00 -04 03 -04 00 -04 03 
00 11 03 04 07 07 05 07 04 02 11 08 07 02 00 15 11 01 04 -11 01 04 08 05 02 
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22 09 -
14 04 07 -
-04 05 04 25 -
01 09 -11 -01 11 -
17 03 -03 10 01 20 -
05 -04 03 03 02 16 21 -
03 04 -02 04 03 16 12 10 -
-03 02 -10 -02 19 18 13 15 08 -
06 -03 02 05 -01 20 04 18 06 12 -
•04 01 01 01 03 00 -16 -25 -04 -01 -03 -
07 -07 -10 -05 12 -02 00 04 02 07 -18 -06 -
•03 12 03 02 -03 -08 -01 -18 -02 01 09 10 -12 -
03 12 -01 04 -01 03 11 09 02 08 -03 -03 12 -15 -
03 -02 -05 -01 10 06 03 11 01 -00 -00 -06 03 -32 -02 -
08 -04 03 15 14 03 01 01 03 01 05 -08 -03 25 -10 09 -
01 18 -01 -02 11 09 02 08 04 -07 01 -05 09 -04 23 40 10 -
01 -00 -04 06 -07 -00 -00 -04 03 -04 00 -04 03 -10 11 -05 -14 03 
! 07 02 00 15 11 01 04 -11 01 04 08 05 02 27 06 00 20 -15 -22 
